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T h e  p ro ce s s  o f  i mp rov i n g h i g hw a y  
s a fe ty o n  a s t atew i d e b a s i s  requ i re s  
c o n s i de r a b l e  e n g i n ee r i n g p l a n n i n g  a n d  
j u d g me n t .  I n  Ken t u c k y ,  t h e  s tate­
ma i n t a i n e d  h i g hway system cons i sts o f  
a p p rox i ma te l y  2 5 , 0 0 0  m i l e s ( 4 0 , 0 0 0  kml o f  
ro a d s .  Fun d s  f o r  s a f e t y  i mp rovem e n t s  a re 
a v a i !a b l e  f o r  a l l types o f  r o ad s .  T h e  
g o a l o f  t h e  Ken tucky Depa rtm•nt o f  
T r a n s p orta t i on C KYDOTl i s  t o  i mp rove 
s a fe ty of the h i g hw a y  system i n  such a way 
as to p r o v i d e t h e  g rsatest be n e f i ts to 
roa d -use r s . M e t h od o l og i e s h a v e  b e e n  
deve l op e d  f o r  every s t e p  i n  t h e  p r o cess o f  
i mp l eme n t i n g s a f e t y  i mp roveme n t s . The 
f i rs t  s t e p  i n v o l ve s  r e p o r t i n g a n d  
summa r i z i n g a c c i d e n t s  b y  l ocat i on .  Once 
the h i g h- a c c i d e n t  l ocat i on s  a re 
i d e n t i fie d ,  f i e l d  i n vest i g at i on s  a n d  
a n alyse s f o l l ow .  T h e  l ocat i o n s  a re r a n k e d  
o n  t h e  b as i s  o f  p o te n t i a l  f o r  r e d u c i n g 
acc i d e n t s .  S a fe t y  i mp rovem e n t s  are t h e n  
s c he d u l e d a n d  i mp l eme n ted . F i n a l l y , 
i mp r o veme n t s  are eva l u a t e d  i n  terms o f  
ac c i d e n t  r e d uct i o n .  A f l ow c h a r t  o f  t h e  
p roce s s  i s  g i ve n  i n  Fisu re 1 .  
T h e  p ro c e s s  o f  se l ec t i n g s a fety 
i mp roveme n t s  i s  camp i l ed i n  d e t a i I in this 
re p o r t .  Re ferences are m a d e  to 
in f ormation and m e t h o d o l og i e s deve l o p e d  i n  
p re v i o u s  re p o rts b y  t h e  D i vision o f  
Researc h  of the KYDOT . M o s t  o f  t h e  
b a ckg r o u n d  in f o rma t i on a n d  a n a l ys e s  
repo rted b e f o re a r e  n o t  in c l u d e d  h e re . 
T h e  me t h o d s  a re fitted t o g e t h e r  i n to a 
tota l p rocess i m p l eme n t e d  b y  the KYDOT 
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Figure 1. Chart of the highway safety improvement process. 
Accident Reporting System 
I n  1 9 7 6 ,  t h e  Ken tucky Leg i s l a tu re 
e n ac t e d  a J aw requ i r i n g c o p i e s o f  a l I 
r e p o r ta b l e  t r a f f i c  a cc i d e n t s  b e  se n t  t o  
t h e  s t a t e  p o l ice h e a d q u a r te r s  i n  
F r a n k f o r t. A r e p o r ta b l e  acci d e n t  i s  o n e  
t h a t  i n vo l ve s  a t  l e a s t  $ 2 0 0  i n  p ro p e r t y  
d amage o r  a n  i n j u r y .  A U n i f o rm Acc i de n t  
R e p o r t  ( UA R l  form was deve l o p e d  a n d  i s  
be i n g u s e d  b y  a l l  p o l i ce aganc i e s i n  
K e n t u c k y .  T h e  UAR f o rm, a s  s h own i n  
Figure 2 ,  p r o vi d e s  i n fo rma t i on p e rta i n i ng 
t o  t h e  d r i ve r s  a n d  v e h i c l e s a n d  a 
d e s cr i p t i o n o f  t h e  acc i d e n t .  S p a ce f o r  a n  
a cc i d e n t  d i a g ram a n d  c omman ts f rom t h e  
i n ves t i g at i n g o f f i ce r  i s  a l s o prov i d ed . A 
c o v e r  s he e t  i s  a l s o u s e d  ( f i g u re 3 l .  T h i s  
i s  b a s i ca l l y  a c o d e  s h e e t  f o r  comp l e t i n g 
t h e  re p o r t . C u r r e n t l y ,  a b ou t  1 5 0 , 0 0 0  
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1 TRAFFIC RECORDS COPY (WITHIN TEN DAYS) 
Figure 2. Kentucky uniform traffic accident report. 
2 
3 
TOTAL TRAfFIC UNITS INVOLVED PRE·ACCIOENT VEHICLE ACTION 
I. Gotnc Straicl'lt AheM 
2. Makinra: Right Turn 
3. Mahinc Lett Turn 
4, Making U Turn 
'Y 1:=======:; � TOTAL LANES IN MAJOR TRAFFICWAY 1y 
5. Startinc From Parkin& 
5. Starting I n Traffic;. 7. Slowma; Or stopplna: 1:======� 
B. StopP*(t In Traffic 
9. Entered Perked Position 
10. Periled 
11. AvoldlnC Object In Roadway 
12. CJtangJna: Lanes 
13. O'tertakln& 14. Merl_inK 
15. Back1ng 
20, other• 
LOCATION OF FIRST E\IEMT 
(DAMAGE/INJURY) 
1. On Roadway 2. Off Aoedway 
TYPE OF ACCIDENT 
COLLISION WITH -1. Other Motor Vehicle 
2. Pedestrian 3. Blcycllsl 4. Animal 
5. Rail road Tnln 
10. Othvt ObJect/Not Fixed• 
COJ..USION WITH FIXED OBJECT-
11. llJ:ht SU�tt/Utillty PGJe 12. Guir!e Rad 
13. Crash Cut.hiGA 
14. Sign PO$t 
15. Tne 
16. Buifdfne/WaU 
17. Cu rblna: 18. Fence 
19. Bridge Structunt 
20. Culvert/Head Well 
21, Medtan/Sarner 
22. Snow EmbanW;ment 
23. Earth Embankment/Rock CUt/Ditch 
24. Fire H)ll!tr•nt 30. Other Fixed Object• 
NON-COLLISION-
31. Overtutned 
32. Fire/ExPlos.ion 33. Submeraian 
34. Ran Off Roadway {Only) 
40, Other• 
APPARENT CONTRIBUTING FACTORS (Human) 
l. Unsafe Speed 
2. Failed To Yield Rl&ht Of Way 
3. Followlne: Too CIOH 
-4. lmprooer Passlna 5. Dlsre1ard TraHic Control• 
6, Turntnc Improperly 
7. Alcohol Involvement 8, Druclnvolvement 
9. Sick lD. Fell Asleep 
11. Lost Consciousness 
12. -Driver Inattention• 
13, Distraction• · U. Physical Oi .. blltty• 15. Other• 16. Nona Detected 
TRAFFIC CONTROL J. Stop SIKn 
2. Stop & Go Signal 
3, Officer Or Fh!•;man 
4. R.R. Si1ns Or Signals 
liGIH CONOITIONS 
5. R.R. Gatu 
6. Yield Sl&n 
LAND USE/LOCALITY 
J, Rural 5. SChool 
2. Busineu 6, Park 
3. Industrial 7, Private Prop erty• 
4. Residential 
ROADWAY SURFACE 
Al. Ory Bl. A•phalt 
2. Wet 2. Concrete 
3. Snow/lee 3. Gravel 









1. Straight & Level 5. CurVe & Grltde 
2. Straight & Grade 6. Curv. & Hillc,.at 
3. Stra1ght & Hillcrest 
4. curve & Level 
9. Curve Si1n 1 D. Center line 
7. Flashing Llght e. No P .. slna zone 
11. Median 
12. Adv•sary SP"d Stan 13. Other• 
1. Dayl!aht 4. Oarknau- H!�thway lllhted/On 
5. Datknase- H1ehway Ll&hted/Off 2. Dawn 
3. Dusk 6. Darkn e .. - Hia;hw•y Not Ll&hted 
INSTRUCTIONS 
1. Please B!! Thorouah And 
Accurate. 
2. If A Question Does Not 
Apply, Enter "NA" 
3. If an an!lower is unknown, 
Ente-r "U'". 
4. If An Item Is Marked ..... 
Explain In !Jascription. 
6. Emaralne From Perked Vehicle 
1. Walklna: In Roadw11y 
8. Play1n11n Roadway 
9. Working In Roadw•y 




WHICH VEHICLE OCCUPIED 
1·10. Motor Yehlcln B. Blcyctilt 
P. PedHtrian W. Wltneu 
APPARENT CONtRIBUTING 
1. Brak•s be1ectlve 
FACTORS (VEHICULAR) 
LOCATION OF INJURY 
{�"est Sol.'etl!)) 
1. Head/Face POSfTION IN/ON VEHICLE 1. Driver 2.·7. Pesaenpr 
2. Hndli1hts O.fectlve 
3. Other Llchting Dltfects 4. Staerinc Failun 6. Tire Fallurallnadequata 
6. Tow Hitch Defective 
7, Over Or fmpro.,_r L03d 8. OV•nl.ted LO•d On Voh. 
9. Other• 
10, None o.tacted 
APPARENT CONTRIBUTING FACTORS (EN-VIRONMENTAL) 
1. Animal's Action 
2. Glare 
3. VIew Obstruct�/Umlbd• 4. Debris In Roadway 
5. lmpl'tlper/Non.Worldnl Tnfftc Controls• 6. Shouldertl Oefeetlw 1• Holes/Deep Ruta/Bumpa 8. Road· Undv Constructlon/M•Int. 9. lmpropttrly Perbd Vehick(a) 
10. Fixed Obfed:{e) U. Sllppe.ry SUrf•ce 12, Weter Poo&ln1• 13. Othef"" a. None o.t4tcled 
2. Neck 
3. Chest 
4. Bl!lck 5. Abdom&n/Pl!IIYis 
5. Arms/Handl 7. Lea:s/Feet 
8. Multiple - Entl,. Body 
9. None 
Ct.ASSIFICATION OF INJURY 
1. F11tal 
·2. lnca-pacltAtlnJI 
3. Non.Jncep ec:tatln& 
4. Po .. lble Injury 
5. None Deteetad 
a. RldlngiH•nrlna On OutakM 
SAFETY EQUIP. USED 
I, None us.ct 6. Helm.t 
2. lep Belt I 
3. Herness 
"· Air Bac 
5. Child RHtralnt 
EJECTION FROM 
VEHICLE 









Figure 3. Kentucky uniform traffic accident report cover sheet. 
acc i dents are reported annua l l y .  
A f t e r  acc i de n t  reports a re rece i ve d  
b y  S t a te P o l  i ce, they a r e  p roces s e d  b y  
t h e i r  D i v i s i on o f  Tra f f i c  Records. L a t e r ,  
t h e y  a re s e n t  t o  t h e  D i v i s i on o f  T raff i c , 
D e p a rtment of Transp o rt a t i on ,  where 
l oc a t i on i n forma t i on i s  v e r i f i ed and 
added. Reports are t h e n  returned to the 
D a t a  Process i n g C e n t e r  of S t a t e  Po l ice for 
cod i ng nnd stor a g e  o f  a l l p ert i nent 
3 
a c c i d e n t  i n f o rm a t i o n 
Co p i e s  o f  t h e  t a p e  a re 
age n c i e s ,  i n c l ud i ng 
T r a n s p o r t a t i o n .  
I n format i on t a k e n  
o n  c o m p u t e r  t a p e . 
p r o v i d e d  to v a r i o u s  
t h e  De p a rtme n t  o f  
f r o m  t h e  U A R  f o rm 
i n c l u d e s  o v e r  1 , 0 0 0  n umer i c a l  c o l umns f o r  
e a c h  a c c i d e n t .  A n  examp l e  o f  c o d e d  
i n fo rma t i on t h a t  i s  u s e f u l to t h e  t r a f fic 
eng i n e e r  i s  the d i re c t i on a l  a n alys i s  u s e d  
to p re p a re c o l I i s  i o n d i ag r a m s  a n d  to 
p e r fo rm o t h e r  types of a n a l ys i s .  A 
rev i s i o n o f  t h i s  c o d e  was a d o p te d , 
beg i n n i ng J a n u a r y  1 ,  1 98 0 ,  to g i ve more 
d e t a i l e d  i n f o rm a t i on a bo u t  e a ch a c c i d e n t .  
A c c i d e n t s  a re c l as s i f i e d a n d  c o d e d  
a c c o r d i ng to Ta b l e  1 .  T h e  m a j o r  
c a tego ries i n c l u d e  i n te r s e c t i o n ,  
n o n i n te rsec t i o n < ro adway s e c t i o n s  a n d  
m i d b l o c k ,  a n d  b r i dg e ) ,  i n t e r c h a n g e  ramp , 
a n d  m i scel l an e o u s  a c c i d e n t  type s .  
T h e  d i s tr i b u t i o n a n d  use o f  
c o m p u te r i ze d  i n f o rmat i on i s  mon i t o r e d  f o r  
t h e  Department o f  T r a n s p o r ta t i o n b y  t h e  
O f f i ce o f  H i g hw a y  S a f e t y .  T o  a i d  t h e  
p r o c es s i ng a n d  summa r i z i ng o f  
a p p ro x i mately 1 5 0 , 0 0 0  a c c i d e n t. r e p o r t s  
a n n u a l l y , t h e  K e n t u c k y  A c c i ·d e n t  R e p o r t i ng 
S ystem C KARSJ w a s  d e v e l op e d . T h e  KARS 
p e r i o d i c ally g e n e r a t e s  reports s u c h  as 
d e t a i l e d I i s t i ng s  of a c c i d e n t s  b y  
l o c a t i on ,  c o n t r i b u t i ng e n v i r o n menta l 
Table 1. Directional Analysis Codes (Revised 1/1/80). 
0 0  HOT STATED 
I. INTERSECTION ACCIDENTS 
f a c t o rs , h i g hw a y  sys tem, a n d  r u r a l - u r b a n  
d e s i g n a t i o n .  A u n i q ue feature o f  K A R S  
i n c l u d e s  s u m m a r y  r e p o r t s  f o r  1 1  
j u r i sdl�t i on s  s u c h  a s  h i g hw a y  d i s t r i c t ,  
p o l i ce d i s tr i c t ,  a r e a  deve l o pme n t  
d i s t r i c t ,  e t c .  A s ta tew i d e t r a f fic v o l ume 
f i l e ,  c re a t e d  by t h e  D i v i s i o n s  of Re s e a r c h  
a n d  Tra f f i c  i s  be i ng used i n  c om b i n a t i on 
w i t h KARS to compute a c c i d e n t  r a te s . A 
summary o f  t h e  repo rt i ng f e a t u r e s  
a v a i I a b l e  t h ro u g h  KARS i s  g i ve n  i n  
A P P ENDIX A .  
A s  a n  a i d  i n  t h e  a n a l ys i s  o f  a c c i d e n t  
reco r d s ,  t h e  O f f i ce o f  H i g hw a y  S a f e t y  also 
ma i n t a i n s the ''Re c o r d s  A n a l ys i s  f o r  
P ro b l em I d e n t i f i c a t i o n a n d  De f i n i t i o n 
C RA P I D l "  s o f tware p a c k a g e . T h i s  p a c k a g e  
p r o v i das a m e a n s  o f  o b t a i n i ng summa r i es o f  
t h e  a c cid e n t  d a t a  for a l a rg e  n u m b e r  o f  
va r i a b l es .  I n - d e p t h  summa r i es o f  a c c i d e n t  
d a ta c a n  be o b t a i n e d  u s i ng t h e  R A P I D  
prog r a m s . A I i st o f  t h e  v a r i a bles 
a v a i ! a b l e  t h r o ug h  R A P I D  i s  g i ven in 
APP ENDIX B. A l s o i n c l u d e d  i n  RAP I D  a re an 
A r e a  I d e n t i f i c a t i on Mod u l e  C A I MJ ,  w h i c h 
c a n  b e  u s e d  to f i n d a n d  a n a l yze h i g h  
a c c i d e n t  l o c a t i on s ,  and an A re a  
C r i t i c a l i ty T e c h n i que C A CTJ , w h i c h  c a n  
d e t e rm i n e p r i o r i t i e s among p ol i t i c a l  
s u b d i v i s i on s .  
01 ANGLE ACCIDENT - BOTH VEHICLES GOING STRAIGHT 
4 
0 2  ANGLE ACCIDENT - ONE VEHICLE TURNING LEFT 
0 3  AHGLE ACCIDENT - ONE VEHICLE TURNING RIGHT 
04 ANGLE ACCIDENT - OTHER 
OS REAR EHD - ONE VEHICLE STOPPED 
06 REAR END - BOTH VE!!ICLES GOING STRAIG!IT 
07 REAR EHD - ONE VEHICLE TURNING LEFT 
08 REAR EHD - ONE VEHICLE TURNING RIGHT 
0 9  REAR EHD - OTHER 
1 0  OPPOSITE DIRECTIONS - OHE VEHICLE TURNING LEFT, ONE GOING STRAIG!IT 
1 1  OPPOSITE DIRECTIONS - BOTH VEHICLES GOING STRAIGHT 
12 OPPOSITE DIRECTIONS - OTHER 
1 3  COLLISION WITH A FIXED OBJECT (SINGLE VEHICLE) 
14 NON-COLLISION ACCIDENT CSIIIGLE VEHICLE) 
Table 1. Directional Analysis Codes (Revised 1/1/80) (continued). 
15 COLLISION \HTH A PEDESTRIAN 
1 6 COLLISION !HTH .� BICYCLE 
17 VEHICLE BAC}�IHG 
18 COLLISION WITH A NON-FIXED OBJECT OR ANIMP.L 
1 9 SA tiE DIRECTION - SIDESWIPE 
20 OTHER IHTERSECTIOH .�CCIDEHTS 
II. NOH-INTERSECTION ACCIDENTS 
ROADWAY SECTIONS AND MID-BLOCK 
24 REAR END IN TRAFFIC LANE - ONE VEHICLE STOPPED 
25 REAR END IN TRAFFIC LANE - BOTH VEHICLES MOVING 
26 REAR END OH SHOULDER 
27 OTHER ACCIDENTS 011 SHOULDER 
28 HEAD ON COLLISION 
29 SIDES!IIPE ACCIDENT - SAME DIRECTION 
30 SIDESWIPE ACCIDENT - OPPOSITE DIRECTION 





ONE VEHICLE ENTERING OR LEAVING AH ALLEY OR PUBLIC El!TRANCE 
OJ;E VEHICLE El!TERIHG PARKED POSITIOH (NOT IN A PARKING 
OHE VEHICLE LEAVING PARKED POSITION (NOT IN p, F .�RKIJ!G 
om: VEHICLE IN PARl�ED POSITION (NOT IN A PARKING LOT) 
36 IIEDIAH CROSS-OVER ACCIDENT 
37 VEHICLE GOING IN WRONG DIRECTION 
38 COLLISION WITH A PEDESTRIAN 
39 COLLISION WITH A BICYCLE 
4 0  COLLISION WITH A FIXED OBJECT (SINGLE VEHICLCI 
41 COLLISION WITH A NON-FIXED OBJECT (SINGLE VEHICLE) 
42 COLLISION WITH AN ANIMAL OR BIRD (SINGLE VEHICLE) 
43 RAN OFF ROADWAY (SINGLE VEHICLE) 
44 OVERTURNED IN ROADWAY !SINGLE VEHICLE) 
45 OCCUPANT FELL FROM MOVING VEHICLE 
46 OTHER ROADWAY OR MID-BLOCK ACCIDENT 
BRIDGE RELATED ACCIDENTS 
51 COLLISION WITH APPROACH GUARDRAIL 
52 GAP BETWEEN BRIDGES 
53 COLLISION WITH ABUTMENT 
54 COLLISION WITH BRIDGE RAIL OR CURB 
55 WENT THROUGH OR OVER BRIDGE RAIL 
56 REAR END 
57 HE.QD-OH 
58 SIDESWIPE - OPPOSITE DIRECTIONS 
59 SIDESWIPE - SAME DIRECTION 
6 0  RAN OFF ROAD AFTER LOSING CONTROL ON BRIDGE 




Table 1. Directional Analysis Codes (Revised 1/1/80) (continued). 
III. INTERCHANGE RAMP ACCIDENTS 
65 COLLISION WITH A FIXED OBJECT IN GORE (SINGLE VEHICLE) 
66 COLLISION WITH A FIXED O BJECT NOT IN GORE (SINGLE VEHICLE) 
67 RAMP VEHICLE RAN OFF ROADWAY !SINGLE VEHICLE) 
68 OVERTURNED ON RAMP (SINGLE VEHICLE) 
69 OTHER SINGLE VEHICLE ACCIDENTS 
70 REAR END - to!!IILE GETTIHG ON RAMP 
71 REAR END - WHILE ON RAMP 
72 REAR END - WHILE LEAVING RAMP 
73 OTHER MULTIPLE VEHICLE ACCIDENTS - WHILE GETTING ON RAMP 
74 OTHER MULTIPLE VEHICLE ACCIDENTS - WHILE ON RAMP 
75 OTHER MULTIPLE VEHICLE ACCIDENTS - WHILE LEAVING RAMP 
76 OTHER RAMP RELATED ACCIDENTS 
IV. MISCELLANEOUS ACCIDENTS 
9 0  ACCIDENTS IN PARKING LOTS 
9 1  COLLISION WITH A TRAIN 
92 OTHER RAILROAD CROSSING RELATED ACCIDENTS 
93 COLLISION WITH A TOLL BOOTH 
94 OTHER TOLL BOOTH RELATED ACCIDENTS 
9 5  ALL OTHER ACCIDENTS 
Accident Location Systems 
The location of each accident must be 
referenced accurately to a known point or 
marker. Location descriptors generally in 
use are variations of three basic concepts 
( 1 ) :  
1 .  route-mileage system lmilepoint 
or reference point systems), 
2 .  link-node system, and 
3 .  coordinate system. 
Route-mileage systems are based on 
milepoints or reference points. In both 
cases, th� county and route numbers are 
usually given first, followed by the 
milepost or reference number. Mi leposting 
begins and ends at a boundary such as 
county or state I ine, or the beginning or 
ending of a route. Mileposts are placed 
at regular intervals (such as every milel 
along the highway so pol ice officers 
record accidents by referencing them. 
Reference point systems consist of 
numbering landmarks along a road. Such 
features would include bridges, 
overpasses, creeks. and rai I road 
6 
crossings. Each system has certain 
advantages and disadvantages in terms of 
accuracy and clarity Ill. Both are suited 
for use in rural areas. 
Link-ncide or "noda1" systems involve 
assigning numbers to intersections and 
other points such as rai I road crossings. 
An accident site is then located in terms 
of a distance from a node along a 1 ink. 
In some cases, numbers are assigned to 
each link, and an intersection is 
represented by the combination of two link 
numbers. Nodal systems are particularly 
applicable in urban areas where 
intersections are close together Ill. 
Coordinate systems describe a point 
along a road in terms of X and Y 
coordinates. Such systems are most 
applicable in states where rectangular 
boundary I ines are common and where roads 
are genera I I  y in a rectangu I ar 
configuration. Such a system may be 
applied best in rural areas where streets 
are not close together. Confusion may 
result in urban areas with closely spaced 
streets C1l. An example of a coordinate 
system is the LORAN-e System, which uses 
radio signals to locate accidents. This 
system has been tested in Kentucky. 
At the present t_ime, the mi lapoint 
system is used in Kentucky to locate 
accidents in rural areas. The mi lepoints 
increase from the southern or western 
boundary (county or state I inesl of a 
route or from the beginning point of the 
route if it does not cross such boundaries 
Cll . The mileposts are generally spaced 
at 1-mi le (1.601-kml intervals. In urban 
areas, mileposts are given for many 
accidents, but street names are also 
given. A large number of accidents, 
particularly in urban areas� occur on non­
state-maintained streets where mileposts 
have not been placed. A I ink-node system 
is under study for implementation to 
improve reporting accuracy 
Sh<>lby 
trial 




se I acted for 
Implementation 
greatly enhance 
capabi I ities. 
of such 
present 
a system would 
accident location 
Identifying Hazardous Locations 
Norms and Criteria 
To identify hazardous locations on a 
wide basis, accident data and traffic 
volumes must be available. The procedure 
should take into account the type of area 
Crural or urbanl, historical trends (a few 
months or yearsl, length of the site, and 
the type of highway (two-lane, interstate, 
four-lane, etc.l . Questions include: 
What size of accident data base should be 
used? How much weight should be given to 
fatal and injury accidents compared to 
property-damage-only (POOl accidents? 
What form of priority I isting should be 
used to select locations for future 
investigation� These and many other 
questions have been answered for Kentucky. 
A methodology has been developed to 
identify hazardous spots and sections in 
urban and rural areas, and to rank them in 
priority order for correction. Some 
background information and definitions are 
presented: 
Spot -- A specific, identifiable 
point on a highway. In rural areas 
of Kentucky, a spot is defined as a 
0. 3-mile (0.48-kml segment because 
the cause and result of an accident 
may encompass that distance. Also, a 
slight error in reporting accidents 
may result in variations of at least 
0.1 mile (0. 16 kml on either side of 
a stated point. Accidents occurring 
within about 200 feet (61 ml of an 
intersection on any approach are 
usually identified_as an intersection 
spot (2, 3, 4). 
Section -- A length of highway or 
street with relatively homogeneous 
characteristics is considered a 
section. The length of a section may 
vary, but it is greater than 0. 3 
mile (0.48 kml. Sections are often 
identified as 1. 0-mile and 3.0-mile 
(1.6-km and 4.8-kml segments. 
However, uneven section lengths are 
also studied (2, 3, 4>. 
Intersection The crossing of 
two major streets or highways defines 
an intersection for purposes of 
accident analysis. The intersection 
includes up to 200 feet (61 ml on all 
approaches. Intersections are 
identified by the two streets or 
route numbers. 
Nidblock Midblock is 
considered to be a spot in an urban area. 
It is located by th� street on which 
the · �cc i dent occurs and the two 
adjacent cross-streets. 
Criteria for identifying hazardous 
locations are based on frequency of 
accidents, 
combinations 
rates, severities, or any 








4. rate-qua I i ty contra I ,  and 
5. accident severity. 
The essential and basic types of data 
include the following: 
Time Period -- Time periods of 
one and two years have been used in 
Kentucky. The one-year period helps 
to select locations that become 
hazardous, and the two-year period 
provides the desired data stability 
7 
( 3 ). Howe v e r ,  a o n e - ye a r  p e r i o d h a s  
b e e n  ussd m o s t  o f ten i n  K e n tucky 
b e c a use o f  e a s e  i n  h a n d  I i ng a c c i d e n t  
d a ta. 
Acc i de n t  Loc ations - - A c c i d e n t s  
o n  p o s t e d  routes i n  r u r a  I a n d  u r b a n  
a re a s  a r e  repo rte d to t h e  n e a re s t  
0 . 1 -m i l e p o s t .  I n  u r b a n  o r  ru r a l  
a re a s  w h e r e  m i  l e p a s t s  a re n o t  
a v a i I a b l e ,  i n t e r s ec t i on a c c i d e n t s  a re 
l oc a t e d  i n  terms o f  t h e  two 
i n te rs e c t i ng s t re e t s  o r  h i ghways . 
W h e r e  a n o d e  sys tem i s  use d ,  t h e  
i n tersect i o n n od e  n u m b e r  wou l d  b e  
u s e d .  M i d b l o ck a c c i d e n t s  shou l d  b e  
reported b y  t h e  st reet w h e re t h e  
a c c i de n t  o c c u r r e d  a n d  t h e  
i n terse c t i ng s t re e t s  o n  b o t h  e n d s .  
D i s t a n ce f rom t h e  n e a r e s t  
i n terse ct i o n i s  a l s o use f u l for 
better a c c u racy. 
Sect i on Lenq t h s  - - A n y  s e c t i on 
l ength m a y  b e  u s e d  f o r  r o u t i n e 
s e a rc h e s  t h rough the a c c i d e n t  tape . 
S e c t i on l e ngths o f  1 . 0  a n d  2 . 0  m i  l as 
< 1 . 6  a n d  3 . 2  kml a r e  c o mmo n l y  used . 
S p o t  l en g t h s  i n  r u r a l a r e a s  are 0 . 3 
m i l e  (0 . 48 kmJ . 
Tra ffic V o l umes - - A v e rage a n n ual 
d a i l y  traff i c  (AADTJ vo l um e s  must be 
a v a i  I a ble f o r  c alculat i on o f  a c c i d e n t  
rate s .  
Hi gh '.Jav Tyee I n  some 
i d e n t i f i cat i o n met h o d s ,  c o m p a r i s o n s  
a re m a d e  b y  type o f  h i ghway. T h e  
h i g hway c a tego r i e s u s e d  i n  K e n t u cky 
a re: 
Ur·hatl A rees <Two A l t e r n a tive s )  
T w o- l a n e  
Four- l a n e  D i v i de d  
Four- l a n e  U n d i v i d e d  
Interstate 
Parkway 
o r  
Loca I S t ree t s  
A r te r i a l -Co l l e c t o r s  
Freeways 
Rura l A re.;!S 
O n e - l a n e  
Two- l a n e  
F o u r - l an e  D i v i d e d  
F o u r- l a n e  U n d i v i d e d  
I n te r s t ate 
P a rkways 
Data requ i reme n ts for e a c h  me t h o d  a re 
g i v e n  i n  T a b l e  2 ( 2 ,  4 ) .  T h ese d a t a  
requ i reme n ts i n c l u d e  t i me p e r i od � a c c i d e n t  

























NUl"lBER RATE-QUALITY SEVERITY 
RATE CON:TROL 
X X X 
X X X 
X X X 
X X 
X X 
X X X 
l o c a t i o n s ,  s e c t i o n l e n gths , t raff i c  
vo l ume s ,  a v e r a g e  �c c i d e n t  r a te s ,  a n d  
h i g hway c a t e g o r i e s .  A l l o f  t h e  d a t a  a r e  
n e e d e d  fo r t h e  rate-qua l i ty c o n t r o l a n d  
fre q u e n c y- rate method s .  H i g hway 
categor i e s are not n e c e s s a r y  fo r the 
a c c i d e n t- r a t e  �e t h o d ,  a n d  t h e  freqUe n c y  
m e t h o d  requ i re s  o n l y  a t i me pe r i od a n d  a 
I i s t i n g of a c c i d e n t  l o c a t i o n s .  
C r i te r i a  requ i reme n t s  f o r  e a c h  m e t h o d  
are s h own i n  Tab l e .  3 ,  Fo r h i g hway 
sect i o n s ,  the c r i te r i a  are a c c i d e n t s  p e r  
m i l e  ( 1 . 6  k m l  a n d  a c c i d e n t s  p e r  1 0 0  
m i  I I  i o n v e h i c l e - m i l e s ( 1 6 0  m i  II i o n  
ve h i c l e-k i l cmete rs l .  Fo r i n terse c t i o n s  
a n d  s p o ts , number o f  a c c i d e n t s  a n d  
a c cide n t s  p e r  m i l I i on v e h i c l e s  a r e  u s e d . 
Fo l l ow i n g i ·s a d e s c r i p t i o n o f  t h e  
b a s i c  m e t h o d s  u s e d  for i d e n t i fy i n g  h i g h­
a c c i d e n t  l o c a t i o n s :  
Freauency of Accideints Mathcd -- T h e  
freque n c y  m e t h o d  i s  t h e  s i mp l e s t  a n d  m o s t  
d i re c t .  It c o n s i d e r s  o n l y  freque n c i e s o f  
a c c i d e n t s  p e r  s p o t  o r  s e c t i on of h i g hwa y .  
L o c a t i on s  a n d  s e c t i on s  w i t h m o re t h a n  a 
p re determ i n e d  n u m b e r  o f  a c c i d e n t s  are 
c l a s s i f i e d as h i g h - a c c i d e n t  l o c a t i o n s  C 5J .  
T h i s  m e t h o d  i s  best u s e d  for s t re e t  
systems of sma l l town s ,  l o c a l s t re e t  
s ystems o f  l a r g e r  c i t i es ,  a n d  l ow-v o l ume 
c o u n t y  r o ad s .  
The p r i m a r y  d e f i c i e n c y  i n  us i n g  o n l y  
t h i s  method i s  t h e  l a c k  of c o n s i d e ra t i o n 
for t r a ff i c  v o l ume a n d  a c c i d e n t  s e ve r i ty 
C 2 ,  6J . T h e  fre q u e n c y  m e t h o d  i s  often 
used b y  s t a t e s  to se l e c t  a n  i n i t i a l  set of 
l o c a t i o n s ,  a n d  t h e n  tho s e  l o c a t i o n s  a re 
r a n k e d  i n  p r i o r i ty b y  some o t h e r  me t h o d . 
A c c i d e n t  s p o t  m a p s  a re often u s e d  to 
g ra p h i c a l l y  p l o t a c c i d e n ts by l o c a t i o n .  
Ac c i d e n t-Rate Method -- T h i s  m e t h o d  
i n v o l ve s  c a l c u l a t i o n o f  a c c id e n t  r a t e s  for 
a l l  s p o t s  and s e c t i o n s  u n d e r  
c o n s i d e ra t i on .  A c c i d e n t  n u m b e rs a re 
d i v i d e d  b y  v e h i c l e  exp o s u re to g i ve r a t e s  
i n  t e r m s  of a c c i d a n t s  p e r  m i  I I  i on v e h i c l e s 
Cs p o t s l o r  a c c i d e n t s  p e r  1 0 0  m i l l i on 
v e h i c l e-m i l e s (16 0  m i l l  i o n v e h i c l e­
k i l omete rs ) C se c t i o n s l .  L o c a t i o n s  w i t h 
r a t e s  exceed i n g p r e d e te rm i ne d  l e ve l s  a r e  
c l as s i f i e d a s  h i g h-acc i d e n t  l oc a t i o n s  C 5J .  
T o  a p p l y  t h e  r a t e  m e t h o d , t r a ff i c  
v o l um e s  must b e  k n own for a l l  l oc a t i o n s  
. a n d  se c t i o n s  unde r  s t u d y . T h i s  m e t h o d  
p o s e s  p ro b l ems w h e n  l oc a t i on s  w i t h w i d e 
r<mge s  o f  v o  I umes a re c o m p a re d .  F o r  
examp l e ,  l o c a t i o n s  w i t h a n  A A D T  o f  1 0 0  o r  
l es s  w i l I h a v e  a very h i g h  r a te e v e n  w h e n  
o n e  acc i de n t  o c c u r re d  p e r  y e a r. � 
l o c a t i on w i t h a n  AADT o f  1 0 , 0 0 0  m u s t  h ave 
a v e r y  l a r g e  n u m b e r  o f  a c c i d e n t s  t o  h a v e  
a n  e q u a l a c c i d e n t  r a te . 
T h e  equat i o n for a c c i d e n t  r a te f o r  a 





ACCIDENTS PER MILE 
l!UMEER OF 
ACCIDEHTS 
ACCIDENTS PER 100 MVM 
Il!TERSECTIOHS C SPOTS 
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s p o t  l o c a t i o n i s  a s  fo l l ows: 
R = (AJ(l , 0 0 0 , 0 0 0l/3 65(TJ(Vl ( 1 )  
i n  w h i c h R = a c c i d e n t  r a te a t  a s p o t  
i n  a c c i d e n t s  p e r  
m i  I I  i o n ve h i c l e s ,  
A = n u m b e r o f  a c c i d e n t s  f o r  
s t u d y  p e r i od, 
T = pe r i o d  o f  s t u d y  (ye a r s  o r  
f r a c t i o n o f  y e a r s ) ,  a n d  
V = A A D T  d u r i n g t h e  s t u d y  
p e r i o d ( f o r  i n te rse c t i o n s ,  
t he sum o f  t h e  e n te ri n g  
v o l umes o n  a !  I a p p ro a c h  
I e g s l .  
F o r  roa dway s e c t i on s ,  l e n g t h  b e c omes 
a c on s i de rat i on ,  a n d  the equa t i on becomes 
( 2 ) :  
R = (AJ(1 , 0 0 0 , 0 0 0 J/(3 6 5J(TJ(VJ(LJ (2 ) 
i n  wh i c h R = •cc i de n t  r a te o n  t h e  s e ct i on 
i n  a c c i d e n t s  p e r  1 0 0  m i l l  i o n 
ve h i cle-m i l e s ( 1 6 0  m i  I I  i o n 
ve h i c l e- k i l omete rs ) ,  a n d  
L = l e n g t h  o f  t h e  r o a d w a y  
s e c t i o n (m i l e s  (1 . 6  
k i l ome t e r sl l .  
Frecu8ncy-Rate Method T h e  
f requen cy- r a t e  m e t h o d  i s  n o rma l l y  a pp l i e d 
b y  f i r s t  se l e c t i ng a l a r g e  samp l e  o f  h i g h ­
a c c i d e n t  l o c a t i o n s .  A c c i d e n t  r a te s  a r e  
computed f o r  t h o s e  l o c a t i o n s  s e l e c t e d  o n  
t h e  b a s i s  o f  a c c i d e n t  f reque n c y .  T h i s  
m e t h o d  e l i m i n a t e s  the n e e d  to c a l c u l a te 
a c e  i d e n t  rates f o r  eve ry I o c a t  i on i n  t h e  
s tate . I t  a l s o e l im i n a t e s  t h e  l ow-vo l ume 
l o c a t i o n s  w i t h o n l y  o n e  o r  two a c c i d e n t s  
p e r  yea r .  
T h i s  m e t h o d  p ro v i d e s  
re i i a b i l  i ty t h a n  e i t h e r  t h e  
m e t h o d  o r  t h e  r a te m e t h o d  
l oc a t i on s  must e x c e e d  c r i te r i a  
g re a t e r  
f reque n c y 
b e c a u s e  
f o r  b o t h  
f reque n c i e s a n d  r a te s .  Howeve r ,  a f t e r  the 
I i s t of l o c a t i o n s  i s  se l e c te d  us i n g t h i s  
me t h o d , t h e re i s  s t i l I  a p ro b l em w i t h t h e  
r a nk i n g p ro ce d u re . T h e  l ow- vo l ume 
l o c a t i o n s  w i l l  s t i l l  t e n d  to be r a n k e d  
h i g he r  t h a n  t h e  h i g h -vo l ume l o c a t i o n s  
b e c a u s e  a c c i d e n t  r a t e s  a re u s e d  f o r  
p r i o r i ty r a n k i n g .  
R a te -Oua l i ty Con t r o l  Me thod A 
v a r i a t i on o f  the r a te � e t h o d  i s  the r a t e ­
q u a l i ty c o n t r o l m e t h o d .  I t  u t i  I i ze s  a 
s ta t i s t i c a l  test to d e t e rm i n e w h e t h e r  t h e  
a c c i de n t  r a te a t  a p a r t i cu l a r l oc a t i o n i s  
a b n o rma l l y  h i g h c o m p a r e d  to a 
p r e d e te r m i n e d  a v e r a g e  r a te f o r  l o c a t i o n s  
h a v i n g s i m i l a r c h a r a c te r i s t i c s (3 ) .  T he 
1 0  
s t a t i s t i ca l  tests a r e  b a s e d  o n  t h e  
common l y  a c c e p t e d  a s s u mp t i on t h a t  
a c c i d e n ts a p p rox i m a te t h e  P o i s s o n  
d i s tr i b u t i o n .  I n  t h i s  met h o d ,  t h e  
a c c i d e n t  rate a t  a l o c a t i on i s  compared t o  
a c r i t i ca l  r a te , wh i c h i s  b a s e d  o n  v o l ume , 
a v e rage r a t e ,  a n d  a s ta t i st i c a l  c o n s ta n t .  
T h e  equ a t i on f o r  c a l c u l a t i n g  t h e  
c r i t i ca l  r a t e  f o r  a s p o t  i s  a s  f o l l ow s  (3 , 
7 ,  B l :  
R c  = R a  +CKJSQRT(Ra/Ml+ 1/2M (3 ) 
i n  w h i c h Rc = c rit i c a l  a c c i d e n t  r a t e  f o r  
a s p o t  ( a c c i d e n t s  p e r  
m i  I I  i o n v e h i c l es ) ,  
R a  = a v e r a g e  a c c i d e n t  r a te for 
a l I s p o t s  of s i m i l a r 
c h a r a c te r i s t i cs o r  o n  
s i mi l a r r o a d  types 
(a c c i d e n t s  per m i l l  i on 
v e h i cles ) ,  
M = m i  I I i o n s  o f  v e h i c l e s p a s s i n g  
o v e r  a s p o t  In 
the s t u d y  p e r i o d ,  a n d  
K = a  p ro b a b i l i t y d e te r m i ne d  
by t h e  d e s i r e d  l eve l 
o f  s i g n i f i c a n c e  f o r  t h e  
e q u a t i o n .  
W h e n  h i g hway s e c t i o n s  a re c o n s i d e re d  
i n s t e a d  o f  s p o t � ,  t h e  v a l ue s  o f  Rc , R a ,  
a n d  M a re e x p r e s s e d  i n  te rms · o f  1 0 0  
m i  I I  i o n v e h i c l e -m i l e s ( 1 6 0  m i  I I  i o n 
v e h i c l e -k i l om e t e r s ) .  A n y  t i me pe r i o d o r  
s e c t i on l e n g t h  ( p r e f e r a b l y  1 . 0  m i l e  ( 1 . 6  
k m l  o r  a b o vel c a n  ·be u s e d  in t h e  eq�a t i o n .  
T h e  K v a l ue i s  d e t e rm i n e d  b y  t h e  
l e ve l o f  p ro b a b i I i ty ,  P ,  t h a t  a n  a c c i d e n t  
r a t e  I s  s u f fic i e n tly i a r g e  t h a t  i t  c a n n o t  
b e  r e a so n a b l y  a tt r i b u te d  to r a n d o m  
o c c u r r e n ce s . T he p r i ma r y  d e term i n a n t  of 
t h e  c o n s t a n t ,  K ,  i s  the n u m b e r  o f  
h a z a r d ous l o c a t i o n s  t h a t  c a n  b e  h a n d l e d .  
S e l e cted v a l u e s  o f  K a re (3 ) '  
p . 995 . 97 5  . 95 0  . 925 . 9 0 0  
K 2 . 5 7 6  1 . 96 0 1 . 645 1.440 1 . 232 
T h e  most common l y  u s e d  K v a l u es a re 2 . 5 7 6  
(p = 0 . 995 ) a n d  1 . 6 45 (p = 0 . 950 ) .  
S e ve r i ty Method T h e r e  a r e  
n um e r o u s  s e ve r i ty m e t h o d s  u s e d  i n  
d i ffe r e n t  s t a t e s  t o  i d e n t i f y  a n d  
p r i o r i t i ze h i g h- a c c i d e n t  l o c a t i on s .  S o m e  
s t a t e s  co n s i d e r  o n l y  i n j u r y  a n d  f a t a l i ty 
a c c i de n ts to Iden t i fy l o c a t i o n s  an d 
s e c t i o n s .  O t h e r  s t a t e s  a pp l y  we i g h t i n g  
f a c t o rs t o  a c c i d e n t s  b a s e d  o n  s e ve r i ty a n d  
compute s oma f o r m  o f  sever i ty i n d e x  o r  
seve r i ty n umbe r .  L o c at i ons a re t h e n  
r a n k e d  by t h e  se ve r i ty i n d ex o r  n um b e r .  
A c c i d e n t  seve r i t i e s o f t e n  are 
c l ass i f i e d  i n to f i ve c a te g o r i es ,  d e p e n d i n g 
o n  exte n t  o f  i n j u r y ,  as f o l l ows C 9 l : 
f a t a l a c c i d e n t - i n v o l ve s  a fata l i ty ,  
A-type i n j u r y  a c c i d e n t  -- i n c l u d e s  an 
i n j u r y  t h a t  i n vo l ve s  a b l oe d i n g  
wou n d ,  d i s t o r t � d  mem b e r ,  o r  a 
p e r s o n  carr i ed f rom s c en e ,  
a - type i n j u r y  acc i d e n t  -- i n c l u d es a n  
i n j u ry i n vo l v i n g  b ru i se s ,  
a b r as i cn s ,  swe l l i n g ,  o r  1 i mp i n g ,  
c-type i n j u r y  acc i d e n t  -- acc i d e n t  i n  
wh i c h no v i s i b l e  i n j u r i e s o c c u r  
b u t  i n  wh i c h t he re a re c o m p l a i n ts 
o f  pa i n ,  and 
P D O  acc i d e n t  -- p r o p e rty-dam a g e - o n l y  
ace i d e n t .  
O n e  o f  t h e  m o re w i d e l y  used seve r i ty 
i n d i ces i s  the e qu i v a l e n t - p r o p e r ty-d a m a g e ­
on l y  m e t h o d  C EPDO m e t h o d ) .  T h e  f o rmu l a  
used to ca l cu l ate EPDO may vary a m o n g  
states a n d  i n  K e n t u c k y  i s  as f o l l ows ( 9 ) :  
EPDO = 9 . 5 C F  + A l  + 3 . 5(8 + C l  + P D Q ,  C 't l  
i n  w h i c h EPDO = n u m b e r  o f  e q u i va l e n t  
p r o p e rty-dam a g e -o n l y , 
C P DOJ a c c i d e n t s ,  
F = n u m b e r  o f  fat a l  
a c c i de n t s , 
A = n um b e r  o f  A-type i n j u r y  
a c c i d e n t s ,  
B = number o f  B-type i n j u r y  
acc i d e n t s , 
C = number o f  c-type i n j u r y  
acc i d e.n ts , and 
P D Q  = n u m b e r  of  P D O  acc i d e n t s .  
In t h i s  e q u a t i o n .  e a c h  acc i d e n t  i s  
c l a ss i f i e d  a s  t o  t h e  most severe i n j u r y ,  
a n d  an a c c i d e n t  i s  c o u n t e d  o n l y  o n c e . T he 
h i g hest poss i b l e  EPDO va l u e i s  9 . 5 .  T h i s  
wou l d  o c c u r  i f  a l I a c c i d e n t s  were f a t a l o r  
A-type i n J u ry acc i d e n ts . T he l owest 
poss i b l e  EPDO at a n  a c c i d e n t  l o c a t i o n i s  
1 . 0 .  T h i s  wo u l d  o c c u r  i f  a l I acc i d e n ts 
were PDO acc i d e n ts . 
Procedure for Rural Highways 
The bas i c  p r o c e d u r e  f o r  i d e n t i fy i n g 
h i g h-ac c i d e n t  l o cat i o n s  o n  K e n t u c k y ' s  
r u r a l h i g hways was f i r s t  d e v e l op e d  i n  1974 
(3) and h as rema i n e d  t h e  sam e ;  acc i de n t  
rates, howe v e r ,  have b e e n  u p date d . T he 
f re q u e n c y  c r i te r i on i s  u s e d  t o  s can t h e  
acc i d e n t  t a p e  and se l e c t  s p o t s  an d 
s e c t i o ns wh i c h e x c e e d  t h e  n o r m .  T h e  n o rm 
f o r  0 . 3 -m i l e  ( 0 . 48-k m l  s p o t s  o r i g i na l l y  
recomme n d e d  was 5 acc i d e n t s  p e r  yea r  o r  7 
acc i d e n ts i n  two years . F o r  1 . 0 -m i l e  
( 1 . 6-kml s e c t i on s ,  t h i s  was 1 0  acc i d e n ts 
p e r  year o r  1 5  a c c i d e n ts i n  two years . 
F o r  3 . 0 -m i l e  (4 . 8-kml se c t i o n s ,  t h e  
c r i te r i a  w a s  20 a c c i d e n t s  p e r  ye a r  o r  3 0  
acc i d e n t s  i n  two years (3 ) .  T h e s e  n o rm s  
w e r e  b a s e d  o n  1 9 7 0 - 1 9 7 2  d a t a  ( 1 0 l .  
Re ce n t l y ,  ave r a g e  and c r i t i ca l  f re q u e n c i e s 
o f  a c c i d e n ts we re d e v e l o p e d  f o r  0 . 3 - m i I a  
( 0 . 48 - km l s p o t s  a n d  1 . 0-m i I a  ( 1 . 6-km l 
s e c t i o n s  ( f o r  var i ou s  types o f  h i g hwaysl 
u s i n g 1 9 7 8  a c c i d e n t  data ( 1 1 l .  T he 
resu l ts f o r  r u ra l an d u r b an h i g hways are 
s hown i n  T a b l e  4 .  cu rves g i v i n g t h e  
c r i t i c a l  f re quen c i es f o r  sect i o n l e n g t h s  
Table 4. Statewide Average and Critical Number of Accidents by Highway Classification ( 1978 Data). 
A C C I D EN T S  P E R  0 . 3 - M I L E  A C C I D E N T S  P E R  I .  0 - I! I L E  
( 0 .  4 0 f:M l S P O T  ( 1 . 6 I(M l S E C T I O N  
A R E .� H I G H W A Y  A V E R A G E  C R I T I C f, L  A V E R l\ G E  C R I T I C A L  
H U II B E R  H U t 1 D E R  
R U R i\. 1  O N E - L A H E  . I 0 2 . 3 3 3 
T t-> O - L A N E  . 4 2  3 1 . 4 1 5 
F O U R - I, A N E , D I V I D E D  1 . 9 0 6 6 .  3 2 1 4  
C N O A C C E S S  C O HT R O L l  
F O U R - L A N E , U N D I V I D E D  3 . 7 6  1 0  1 2 .  5 I 2 2  
I N T E R S T A T E  1 . 3 2 5 4 . lJ I 1 r 
P A R ��t.J A Y  . 3 3 3 1 .  1 1 5 
U R B A N  T W O - L A N E  5 . 5 2 I 2 1 8 . ,, 0 30 
F O U R - L A li E , D I V I D E D  1 3 . 4 7 2 4  '• 4 .  s 6 6 3  
( 1[ 0  A C C E S S  C O N T R O L )  
F O U R- L A N E , U N D I V I D E D  1 7 . 5 7 2 9  5 0 . 6 0 n 
I H T E R S T A T E  1 0 . 5 5  20 3 5 . 2 0 5 1  
P A R K t.rA Y . 5 'f 3 1 . 7 9 6 
1 1  
Table 5. Accident Rates for Spots and Sections for Various Types of Rural Highway (1970-1972 Data). 
AVERA G E  STATEWIDE ACCI D E N T  RATES 
HIGHWAY SPOTS 
( A CCI D E NTS P ER 
M I L L I O N  V E H I C L E S )  
SECTIONS 
( A C C I D E NTS P E R  1 0 0  MILLIO N  
V E H I C L E  MILES ) 
T W O - A N D  THRE E - LANE 0 . 7 2 2 4 0  
F O UR-LANE U NDIVI D E D  0 . 9 '1 3 1 3  
FO UR- L A N E  DIVID E D  0 . 4 7 1 5  6 
INTERSTATE AND P ARKWAY 0 . 2 5 8 4  
up to 2 0  m i l es ( 3 2 kml are g i ven i n  
A P P EN D I X  C .  The spots and s ec t i ons 
qua l i f y i ng ( Tab l e  4 1  are then tested by 
the rate-qua l i ty contro l method and the 
EPDO metho d . Loca t i ons must meet a t  l ea s t  
one o f  the cr i ter i a  d e v e l ope d for these 
two methods to be e l i g i b l e  for f i e l d  
i nspe c t i on ( 3 1 .  
The rate-qua l i ty contro l method f i rst 
cons i d ers the type of h i ghway on wh i ch 
e ach spot or sect i on i s  l oc a te d .  The 
sta tew i d e average rates or i g i na l l y  used i n  
the ana l ys i s  are g i ven i n  Tab le 5 ( 1 0 ) .  
Those rates were based on 1 9 7 0  through 
1 9 7 2  d a ta and have been updated us i ng 1 9 7 8  
d a t a  ( 1 1 1 .  The rates were s i m i  J ar for 
some types of h i g hways but i ncre ased among 
others . The d i f f erences i n  rates may be 
attr i buted to i mpro v e d  acc i dent report i ng 
rather than rea l i ncreases i n  acc i dent 
rate s .  These upd ate d v a l ue s  are shown i n  
T ab l e  6 C Ra v a l ues used i n  Equat i on 3 1 .  
Inter s t a t e s  had the l ow e s t  rates for 
sect i ons C 6 9  acc i d ents per 1 0 0  m i l l  i on 
v eh i c l e -m i l es ( 1 6 0  m i  I I  i on v eh i c l e­
k i l ome ters ) ;  parkways had 84 acc i d ents per 
1 0 0  m i  I I  i on ve h i c l e-m i l es ( 1 6 0  m i  I I  i on 
veh i c l e- k i l ometers ) . The h i g h e s t  rate was 
3 5 7  for four- l ane , und i v i d e d  h i ghways. 
The cr i t i ca l  rates for s po t s , a s  
c a l cu l ate d us i ng Equa t i on 3 ,  are shown i n  
f i gures 4 and 5 .  The curves a �e for spots 
Table 6. Updated Accident Rates for Spots and Sections of Rural Highways ( 1978 Accident Datal. 
O N E - L A N E  
T W O -LAN E "  
F O U R-LANE DIVI D E D  
( N O A C C E SS C O N T R O L ) 
F O UR-LANE U N DIVI D E D  
INTEP.ST A T E  
P A P.�: H A Y  
A V E R A G E  STA T E W I D E  A C C I D E NT R A T E S  
S P O T S  
( A C C I D E N T S  P ER 
MILLI O N  V E H IC L E S ) 
1 . 0 3 
0 . 9 3 
O o 5 5 
1 • 0 G 
0 .  2 1 
O o 2 5 
S E CTI O N S  
( A C C I D ENTS P ER 1 0 0  MILLI O N  
V E H I C L E  M IL E S )  
3 4 7  
3 1 1 
1 8 4  
3 5 7  
6 9  
8 4  
• T H R E E -LANE R O A D S  H A D  A V E R Y  SMALL S A M PL E , S O  T H E Y  S H O UL D  B E  I N CL U D E D  I N  T H E  
T W O - LA N E  C A TE G O R Y . 
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Figure 4. Critical accident rates for 0.3-mile ( 0.48-km) spots on 
rural, multilane highways (one-year data) (P = 99.5). 
a n d  a re b a s e d  on o n e  ye a r  o f  d a t a . A 
p ro b a b i l i ty l e ve l o f  0 . 9 95 w a s  use d .  
T h e  c r i t i c a l  rate f o r  s e c t i o n s  w a s  
a l s o  c o m p u t e d  us i n g t h e  r a t e - q u a l i ty 
c o n t r o l f o rm u l a  ( Equa t i on 3 ) .  A g ra p h i ca l  
i l l us t r a t i on o f  c r i t i ca l  r a t e s  o n  two- l an e  
h i g hw a y s  us i n g o n e  ye a r  o f  a c c i de n t  d a t a  
i s  s h own i n  F i g u r e  6 ( 3 ) .  A s e p a r a t e  c u r v e  
i s  g i v e n  f o r  s e c t i on l en g t h s  o f  1 . 0  m i l e  
( 1 . 6  k m l  t o  2 0  m i l e s ( 32 kml. As s e c t i on 
l e n g t h  i n c re .l S fj $ ,  t h e  samp l e  i s  l a r g e r ,  
a n d  s c a t t s· r i s  r·'e duced ; t h u s , c r  i t  i c a  I 
r a t e s  a r e  ! ewe r .  Curves a re p re s e n t e d  f o r  
AADT v a l ue s  o f  1 0 0  t o  1 0 , 0 0 0 .  C r i t i c a l ­
r a te c u rves f o r  o t h e r  types o f  h i g hways 
a re g i ve n  i n  A P P ENDIX D ( 3 ) .  
A f t e r  t h e  c r i t i c a l  rates a r e  
d e t e r� i n e d ,  rates a re computed C Eq u a t i on s  
1 a n d  2 > .  T o  r a n k  s p o t s  � n d  s e c t i on s ,  t h e  
c r i t i c a l  r a te f a c t o r  o f  e a c h  l oc a t i on i s  
f o u n d  b y  the formu l a :  
C R F  = R/Rc ( 5 )  
i n  wh i c h CRF = c r i t i c a l  rate f a c t o r ,  
R = a c c i d e n t  rate , a n d  
Rc = c r i t i c a l  r a te .  
A l o c a t i o n i s  c r i t i c a l  when t h e  r a t e  
f a c t o r  i s  1 . 0  o r  more . T h i s  m e a n s t h a t  
t h e  r a t e  e q u a l s  o r  excee d s  t h e  c r i t i c a l  
rate . S e p a r a te p r i o r i ty I i s t i n g s  a r e  
n o rma l l y  m a d e  f o r  s p o t s  a n d  se c t i o n s .  
F o r  l o c a tion s  t h a t  �aet the f reque n c y  
c r i te r i a  b u t  d o  n o t  h a ve c r i t i c a l  r a t e s ,  
t h e  E P D O  v a l ue i s  a l so c h e c k e d . T h e  
c r i te r i a  rec omme n d e d  i n  t h e  o r i g i n a l  
r e p o r t  f o r  s p o t s  were a n  EPDO o f  1 2 . 5  f o r  
a o n e - y e a r  p e r i o d  o r  2 1 . 5  f o r  a two-ye a r  
p e r i o d .  F o r  1 . 0 - m i l e  C 1 . 6 - k m l  s e c t i o n s ,  
t h e  EPDO c r i te r i a  were 2 5  f o r  o n e  y e a r  o r  
>0,---------------------------------------, 
AA01' 
Figure 5. Critical accident rates for 0.3-mile (0.48-km) spots 
on rural, one- and two-lane roads (one-year data) 
(P=99.5) 
4 0  f o r  b•o ye a r s . F o r  3 . 0 - m i  l e  ( 4 , 8 - km l  
s e c t i o n s ,  t h e  E P D O  c r i te r i a  were 5 0  f o r  
o n e  y e a r  o r  7 5  f o r  two ye a r s . T h e  u p d a te d  
C 1 978 l v a l ue s  f o r  r u r a l a n d  u r b an h i g hw a ys 
a re s hown i n  I a b l e  7 ( 1 1 l .  C u r v e s  g i v i n g 
the c r i t i c a l  E P D O  f o r  s e c t i on l en g t h s  u p  
to 2 0  m i l e s ( 3 2 k m l  a r e  g i ve n  i n  A P P EN D I X  
c .  
T h e  s o u rce cla c k  f o r  t h e  c o m p u te r 
p r o g ra� wh i c h d a ta r m i 1 e s  h i g h - a c c i d e n t  
l o c a t i o n s  i s  g i v en i n  A P P EN D I X  E .  T h e  
p r o c e du re d e sc r i bed h e re a p p l i e s  t o  
h i g hways p o s t e d  w i th route m a r k e r s  a n d  
m i l e p o s t s . A m a t c h i n g p r o c e s s  i s  u s e d  t o  
i d en t i fy h i g h - a c c i de n t  l oc a t i o n s  o n  o t h i r  
h i g hways . A f re q u e n c y  c u to f f  i s  se l e c t e d  
a n d  roa d s  w i th m o r e  a c c i d e n t s  t h a n  t h e  
c u t o f f  v a l ue a r e  I i s t e d . T h e  p r o c e d u re 
d oe s  n o t c o n s i d e r  l en g t h  o f  t h e  r o a d w a y ,  
.ooo )000 oo,ooo 
A A Of 
Figure 6. Critic31 accident rates for rural, two-lane, highway 
sections (one-year data) ( P  = 99.5). 
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Table 7. Statewide Average and Critical Number of EPDO Accidents by Highway Classification ( 1978 Data). 
E P D O  A C C I D E N T S  P E R  0 . 3 - M I L E  E P D O  A C C I D E N T S  P E R  1 .  0 - t! I L E  
( 0 .  4 8 - K M )  S P O T  ( _1 .  6 - K M l  S E C T I O N  
A R E A  H I G H W A Y  A V E R A G E  C R I T I C A L  A V E R A G E  C R I T I C A L  
N U M B E R  N U MB E R  
R U R A L  O N E - L A N E  . 2 4  
T W O - L A N E  1 . 0 2 
F O U R - L A N E , D I V I D E D  4 . 7 6 
( NO A C C E S S  C O N T R O L )  
F O U R - L A N E , 8 .  1 3 
UND I V I D E D  
I H T E F. S U  T E  3 . 3 0 
P A RK W A Y  . 8 2  
U R B A N  T W O - L A N E  9 . 5 7 
F O U R- L ANE , D I V I D E D  2 3 . 9 4 
( N O A C E S S S  C O N T R O L )  
F O.U R - L A U E , 2 9 . 5 3  
U N D I V I D E D  
I N T E R S T A T E  1 9  . 4 5  
P A RKtJA Y 1 . 0 5 
a n d  i t  d e p e n d s  o n  r o a d  n ames b � i ng s pe l l ed 
c o r r e c t  I y .  
Procedures for City Streets 
T he o r i g i n a l  p ro c e d u r e  f o r  
ide n t i fy i n g h a z a r d o u s  l o c a t i o n s  o n  c i ty 
streets w a s  d e v e l oped i n  1 9 7 5  1 1 2 l .  T h e  
proced ure b a s i c a l l y  u s e d  t h e  f re q u e n c y  
c r i te r i a  a n d  t h e  r a te-qua l i t y  c o n t r o l 
me t h o d  f o r  i n tersec t i o n s  a n d  m i d b l o c k s  o n  
a r t e r i a l -c o l l e c t o r  stree t s . Freeway 
s e c t i o n s  were a l so i de n t i f i e d .  L o c a l  
s t reets we re n o t  i n c l u d e d . Howeve r ,  i t  
b e c ame ev i d e n t  t h i s  m e t h o d  o f  i d e n t i fy i n g  
u r b a n  l o c a t i o n s  b y  i n terse c t i o n o r  
m i d b l o ck a n d  p o p u l at i o n g r o u p  w o u l d  n o t  be 
t h e  m o s t  e f f i c i e n t  method u n d e r  t h e  
c u r r e n t  i n fo rm a t i o n s t o ra g e  f o rm a t .  S i n c e  
a un i f o rm a c c i d e n t  report i n g l aw h a s  b e e n  
i mp l eme n t e d , b o t h  r u r a l a n d  u r b a n  a c c i d e n t  
d a t a  b e c ame a v a i l a b l e  o n  computer tape . 
1 4  
2 . 8 l 4 
5 3 .  3 9 9 
1 1 1 5 . 8 8 2 7  
1 6  2 7 . 3 2 4 1 
9 1 0 .  9 9 2 0  
4 2 . 7 9 8 
1 8 3 1  . 3 6 4 7  
3 7  7 9 . 7 0  1 0 4  
4 4  9 5 . 5 4 1 2 2  
3 2  6 4 .  9 0 8 7  
5 3 . 4 4 9 
T he re f o r e ,  w h e n  t h e  r u r a l a c c i de n t  r a t e s  
were u p d a t e d  w i t h 1 9 78 d a t a ,  r a t e s  were 
a l s o c a l c u l a t e d  f o r  u r b a n  l o c a t i o n s  ( l l l .  
I t  w a s  t h e n  p o s s i b l e  to i de n t i f y h a z a r d o u s  
l oc a t i o n s  o n  u r b a n s t reets us i n g  t h e  s�me 
m e t h o d  as f o r  rura l h i g hways . Wh i l e t h i s  
p r o ce d u r e  is be i n g  u s e d  f o r  u r b a n  are a s ,  
t h e  o r i g i n a l  p r o c e d u r e  p r o v i d e s  a n  
a l te r n a t e  met h o d . A summary o f  t h a t  
m e t h o d o l o g y  f o l l ows . 
O r J o i n a l  U r b M  P r o c e d ure -- C it i e s 
w i t h o v e r  2 , 5 0 0  p o p u l a t i o n w e re c o n s i d e re d  
u r b a n  a r e a s  l l 2 l . T h e  1 9 7 5  s t u d y  
i d e n t i f i e d 9 7  s u c h  c i t i e s .  Fo r c i t i e s i n  
e a c h  p o p u l at i o n g ro u p ,  t h e  a v e r a g e  
f re q u e n c y  o f  m i d b l oc k  a n d  i n te r s e c t i o n 
a c c i d e n ts o n  a r te r i a l  a n d  c o l l e c t o r  
s t r e e t s  were d e term i n e d .  
a v e r a g e s ,  t h e  c r i t i c a l  
a c c i d e n t s  f o r  e a c h  l o c a t i on 
B a s e d  o n  t h e s e  
fre q u e n c y  o f  
w a s  d e te rm i n e d  
b a s e d  on a f o r m  o f  t h e  r a t e - q u a l i ty 
c o n t r o l f o r mu l a .  T hese c r i t i c a l  
f re q u e n c i e s were t h e  c r i te r i a  u s e d  
i n i t i a l l y  to i d e n t i fy h i g h- a c c i de n t  
l o c a t i on s .  F o r  i n te rsect i o n s ,  t h e  
c r i te r i a  f o r  a one-ye a r  pe r i o d r a n g e d  f r o m  
1 9  C G r o u p  1 c i t i e s ;  p o p u l a t i on o v e r  
2 0 0 , 0 0 0 )  to 4 a c c i d e n ts ( G r o u p  6 
c i t i e s, p o p u l at i on 2 , 5 0 0  to 5 , 0 0 0 ) , 
A f t e r  the m i d b l o c k s  a n d  i n te rs e c t i o n s  were 
i d e n t i f i e d b a s e d  on f r e q ue n c i es ,  the ra te­
qu a l i ty c o n t ro l f o rmu l a  was a p p l i e d .  
A v e r a g e  rates f o r  m i d b l o c k s  a n d  
i n te rs e c t i o n s  o n  a r t e r i a l - c o l l e c t o r  
s t reets f o r  e a c h  c i ty s i ze were 
d e t e rm i n ed . I n  a r e p o r t  i d e n t i fy i n g 
p ro b l em a r e a s  f o r  K e n t u c k y ' s  H i g hw a y  
S a fety P l a n ,  rates by p o p u l a t i o n c a te g o ry 
were c a l c u l a te d  a n d  � i t i e s w i t h r a t e s  
a b ove c r i t i c a l  .,ere i d e n t i f i e d ( 1 3 ) . 
T h e  1 9 7 3  a c c i d e n t  an a l ys i s  a l s o p rov i d e d  
r a t e s  f o r  s e v e r a l c i t i es C l l l . F o r  u r b a n  
freeway s e c t i on s ,  a v e r a g e  a n d  c r i t i c a l  
f re q ue n c i e s were d e t e rm i ne d . C r i t i c a l  
r a t e  curves were d e t e rm i n e d  f o r  c i t i e s  
c o n t a i n i n g f reeways i n  two p o p u l a t i o n 
g ro u p s . A l l s e c t i on s ,  m i d b l o c k s ,  a n d  
i n te r s e c t i o n s  wou l d  t h e n  b e  r a n k e d  b a s e d  
o n  c r i t i c a l  r a t e  f a c t o r .  L o c a t i o n s  i n  
v a r i o u s  c i t i e s may a l s o be comp a re d  b a s e d  
o n  c r i t i c a l  rate f a c t o r .  
A f l ow c h a rt f o r  the c u r r e n t  
p ro c e d u re u s e d  t o  i d e n t i fy h i g h- a c c i d.e n t  
l o c a t i o n s  i n  u r b a n  a r e a s  b a s e d  �n a c c i d e n t  
rates i s  t h e  same as f o r  r u r a l h i g hways . 
T h e  o n l y  d i f fe re n c e  i s  t h e  v a l ue s  f o r  
freque n c i e s ,  rate s ,  a n d  E P D O  a c c i d e n t s  
u s e d  a s  c r i te r i a .  Ave r a g e  a n d  c r i t i c a l  
f requen c i e s f o r  0 . 3-m i l e  C 0 . 4S-km l s p o t s  
a n d  l . O -m i l e  ( 1 . 6 - k m l  sect i o n s  f o r  u r b a n  
h i g hways were g i v e n  i n  T a b l a  4 .  A l s o ,  
c u rves g i v i n g  t h e  c r i t i c o l  f re q u e n c i e s f o r  
s e c t i o n l e n g t h s  u p  to 2 0  m i l es C 3 2 k m l  a re 
g i ve n  i n  A P P E N D I X  C .  
S p o t s  a n d  sect i on s  qu a l i f y i n g a r e  
t h e n  t e s t e d  by t h e  rate-qu a l i ty c o n t ro l 
a n d  E P DO met h o d s .  S t a te w i de a c c i d e n t  
rates f o r  u r b an s p o t s  a n d  s e c t i o n s  w e re 
c a l cu l ated f r om 1 9 78 d a ta ( T a b l e  8 )  C l 1 l . 
Cr i t i c a l  rates f o r  s p o t s  were c a l cu l a ted 
a s  be f o r e  u s i n g E q u a t i o n 3 .  Curves 
g i v i n g  t h e s e  r a t e s  b y  AADT a re g i ve n  i n  
F i g u r e  7 .  C r i t i c � !  ra tes f o r  s e c t i o n s  
were ca l c u l a te d  a s  a fcn c t i o n o f  s e c t i o n 
l en g t h  a n d  AADT . F o r  exomp l e ,  t h e  c u rves 
f o r  f o u r- l a n e , u n d i v i d e d  s t reets a re g i ve n  
i n  F i gu re 8 .  T h e  c u rves f o r  o t h e r  u r b a n  
h i g hway s e c t i o n s  a re g i ve n  i n  A P P EN D I X  F .  
Ave r a g e  a n d  c r i t i c a l  n u m b e r  o f  EPDO 
a c c i d e n ts f o r  0 . 3 -m i l e  ( 0 . 48 - k m l  s p o t s  a n d  
l . O -m i l e  C l . 6� k m l  sect i o n s  f o r  u r b a n  
h i g hways a r e  g i ve n  i n  T � b l e  7 .  T hese c3n 
be used i n  the EPDO m e t h o d . A l s o ,  curves 
g i v i n g  the c r i t i c a l  f re q u e n c i es f o r  
sect i o n I e n g t h s  up to 2 0  m i I e s  ( 3 2  k m l  are 
g i ve n  i n  A P P E N D I X  C .  
As w i t h r u r a l h i g hways , a m a tc h i n g 
p ro c e d u re i s  u s e d  t o  i de n t i f y  h i g h­
a c c i d e n t  l o c a t i o n s  o n  s t reets w i t h o u t  
route n um b e r s  a n d  m i l e p o s t s . 
I t  s h o u l d  b e  n o te d  t h a t  b o th ru r a l  
a n d  u r b a n  l oc a t i o n s  a re i d e n t i f i e d  o n  t h e  
Table 8 .  Accident Rates for Spots and Sections of Urban Highways ( 1978 Accident Data). 
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Figure 7. Critical accident rates for 0.3-mile (0.48-km) spots 
on urban highways (one-year data) ( P  = 99.5). 
b a s i s  o f  
p ro c e d u re s  
l o c a t i o n s  
f reque n c i e s 
F o r  examp l e ,  
t o t a l a c c i d e n t s . T hese 
d o  not a ttemp t  to i de n t i fy 
wh i c h  h a v e  h a d  c r i t i c a l  
o f  c e r t a i n  types o f  a c c i de n ts . 











Figure 8. Critical accident rates for urban, four-lane, undivided 
highway sections (one-year data) (P = 99.5). 
rates h a v e  been d e t e rm i n e d . 
m a y  be f u r t h e r  exp a n d e d  
l o c a t i o n s  w h i c h h a v e  h a d  
T h i s  p ro g ram 
to i d e n t i f y 
a 
f reque n c y 
a c c i d e n t .  
o r  r a te o f  a c e r ta i n  
c r i t i c a l  
t y p e  o f  
Investigating Hazardous Locations 
A f t e r  h i g h- a c c i d e n t  l o c a t i o n s  a r e  
i d e n t i f i e d  a n d  r an k e d ,  a d e t a i l e d  
i n ve s t i g a t i o n o f  t h e  s i te s  e n s u e s �  T h e  
p roced u re s  i n v o l ve t h e  f o l l ow i n g ( 4 l •  
l .  p re p a r i n g  c o l l i s i o n d i a g ram s ,  
2 .  summa r i z i n g a c c � d e n t  
c h a ra c t e r i s t i cs ,  
3 .  c o n d u c t i n g f i e l d  o bs e r v a t i on s ,  
a n d  
4 .  se l e c t i n g s p e c i f i c  i mp roveme n t s . 
Collision Diagrams 
Co l i  i s  i o n d i a g rams a re u s e d  to 
a n a l yze a c c i d en t  p atte r n s . T h ey i n c l ud e  
s c hemat i c  d r aw i n g s  o f  a c c i d e n t s  a l on g  w i th 
s u c h  i n f o r.,at i o n a s  ( 4 ) :  
1 .  l o c a t i o n d e s c r i p t i on ,  
2 .  g e n e r a l l ayout o f  l o c a t i o n ,  
3 .  t i me a n d  d a te o f  e a c h  a c c i d e n t , 
4 .  s e v e r i ty o f  e a c h  a c c i de n t ,  
5 .  p a vemen t c o n d i t i on d u r i n g  e a c h  
a c c i d e n t  < wet , d ry ,  o r  i cy l , 
6 .  w e a t h e r  c o n d i t i on d u r i n g  
a c c i d e n t , 
7 .  p a t h s  o f  ve h i c l e s i n vo l ve d ,  a n d  
8 .  t r a f f i c  c o n tro l d e v i ces p re se n t .  
A s a .,p l e  d i a g ra"' i s  s h own i n  F i g u r e  9 .  
T h e  f o rm w a s  deve l o p e d  b y  t h e  D i v i s i on o f  
T r a f f i c .  
1 6  
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Figure 9. J ntersection collision diagram. 
T h e  a c c i d e n t  a n a l ys i s  i s  used to 
d e te rm i n e t h e  type of s a fety i m p rovem e n t  
need e d . F a c t o r s  re l a te d  t o  t h e  d r i ve r ,  
s u c h  a s  the type o f  d r i ve r  e r r o r ,  a n d  t h e  
v e h i c l e ,  s u c h  a s  v e h i c l e  d e fe c t s ,  m a y  be 
s t u d i e d i n  a d d i t i o n to the r o a d w a y  
f a c t o r s . R o a d  s u r f a c e  c o n d i t i on s ,  
I i g h t i n g ,  s i g h t  r e s t r i c t i o n s ,  a n d  ex i s t i n g 
t r a f f i c  c o n t r o l d e v i ces m a y  b e  c o n s i d e r e d . 
Condition Diagrams 
A c on d i t i on d i a g ram i s  a s c a l a r m a p  
s h ow i n g m a n y  o f  t h e  p h ys i ca l  f e a t u r e s  o f  
t h e  l o c a t i o n .  Fe atures s u c h  a s  rondway 
and s h o u l d e r  w i d t h s ,  v i ew o b s t r u c t i on s ,  
g ra d e s , t r a f f i c  c o n t r o l ,  l i g h t i n g ,  c u r b s ,  
s i d e w a l k s ,  p a r k i n g ,  a n d  d r i veways m a y  b e  
s h own . A c o n d i t i on d i ag ram i s  some t i me s  
u s e d  to a s s i st i n  t h e  se l e c t i on o f  s a f e t y  
i mp rovem e n t s  w h e n e v e r  f i e l d  i n s p e c t i on i s  
n o t  p o s s i b l e  ( 3 ) .  I t  a l s o c a n  be u s e d  a s  
a r e f e r e n c e  i n  t h e  o f f i ce to c h e c k  
d i mens i o n s ,  d i s t a n c e s ,  e tc . ,  a f t e r  t h e  
0 N O  
PARKING 
ANY TIME!\ 
WAI.. K I DON'T w!LK 
S I G N A L  
WALK ---:"" 
Figure 1 0. I ntersection collision diagram. 
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E N O  
f i e l d  i n s p e c t i o n h a s  
Phot o g r a p h s  m a y  b e  u s e d  
r e c o r d  o f  c o n d i t i on s .  A n  
been m a d e .  
a s  a p e rm a n e n t  
examp l e  o f  a 
c o n d i t i on d i a g r a m  
No spe c i f i c  f o r m  
c o n d i t i o n d i ag r a m . 
c o n d i t i o n s  u p  to 
ma j o r  a p p ro a c h e s . 
i s  g i ven i n  F i gu re lQ_ 
i s  used f o r  d r aw i n g a 
E n t r i e s m a y  d e s c r i be 
20 0 feet ( 6 1  m l  f r om 
Traffic Data Collection 
To p r o pe r l y  ev a l uate p ro b l ems a t  
i n t e r s e c t i on s  o r  o t h e r  l o c a t i on s ,  t r a f f i c  
s p e e d s ,  ve h i c l e  d e l ays , v o l ume s ,  a n d  
v e h i c l e  types m a y  b e  he l p f u l  i n  se l e c t i n g  
a n  a p p ro p r i ate s a f e t y  i m p r oveme n t .  S p e e d  
s t u d i e s a r e  p a r t i c u l a r l y  he l p fu l i n  
a n a l yz i n g a c c i d e n t s  a t  i n t e r s e c t i on s  a n d  
on s h a r p  c u rves . D a t a  a re c o l l e c te d  u s i n g 
a rad a r  met e r  w i th d i g i t a l  re a d o u t .  
S p e e d s  a re reco rded s e p a r a te l y  f e r  c a rs 
a n d  t r u c k s  o n  d a t a  f o rm s  s h own i n  F i g u re 
1 1 . S i ze o f  the d a t a  s e t  s h ou l d  b e  a t  
l e a s t  1 0 0  v e h i c l e s ,  a n d  m a y  b e  d e t e rm i n e d  
more spe c i f i c a l l y  b a s e d  o n  s t a t i s t i ca l  
tests g i v en by P i g n a t a ro (l4 l .  
Vo l ume i n fo rm a t i o n i s  r o u t i n e l y  
c o l J e cted by t h e  D i v i s i on o f  H i g hway 
Sys tems f o r  m o s t  s t a te-ma i n t a i n e d  r o a d s  
a n d  o t h e r  s e l e c t e d  r o a d s .  S u c h  v o l um e  
d a t a a re av a i l a b l e  on s t a t e  A A D T  m a p s  a n d  
i n  t a bu l a r f o r m .  A c o m p u te r i ze d ,  
s t a tew i de vo l um e  f i l e  i s  a l s o a v a i I a b l e .  
Fo r m o r e  s p e c i f i c  v o l um e  c o u n t s  b y  v e h i c l e  
c l a ss i f i c a t i on ,  a s p e c i a l  f o r m  i s  u s e d  
( F i g u r e  �21 . Fo r r e c o r d i n g v e h i c l e  
t u r n i n g movem e n t s  a t  i n te r s e c t i on s ,  
a n o t h e r  f o rm i s  a v a i I a b l e  ( F i g u re l 3 .L 
De l a y stu d i e s a r e  use f u l  i n  a n a l yz i n g 
p ro b l ems a t  u r ban i n te r s e c t i o n s .  O n e  
m e t h o d  o f  c o u n t i n g s t o p p e d - t i me d e l a y i s  
to t i me e a c h  v e h i c l e  f r om s t o p p i n g to 
c l e a r i n g the s t o p  b a r .  Howeve r ,  a t  h i g h -
v o l um e  i n te r s e c t i o n s ,  t h e  p ro c e d u re 
n o rma l l y  used i n v o l ve s  c o un t i n g the n um be r  
o f  ve h i c l e s s t o p p e d  o n  e a c h  i n t e r s e c t i o n 
a p p r o a c h  a t  p e r i o d i c  i n t e r v a l s  (e a c h  1 5  o r  
2 0  s e c o n d s ) .  B y  mu l t i p l y i n g t h e  n um b e r  o f  
s t o p p e d  v e h i c l e s b y  t h e  t i me i n t e r v a l 
use d , t h e  a p p rox i m ate s t o p p e d - t i me d e l a y 
c a n  be f o un d .  T h e  f o rm s h own i n  F i g u re 1 4  
i s  u s e d  to c o l l e c t  t h e  d a t a . 
Conflict Analysis 
T r a f f i c  c on f l i c ts m a y  be o b se rved a t  
a l o c a t i o n t o  p rov i d e v a l u a b l e  i n f o rm a t i o n 
c on c e r n i n g d r i ve r  c o n f u s i o n o r  e r r o r .  A 
1 7  
MOTOR VEHICLE SPE E D  FIELD SHEET (RADAR) 
COUNTY ROUTE NO. ZONE MPH 
T IM E  TO N.S.E.W. BOUND 
LOCATION 
PAVEMENT CON DITIONS 
REMARKS 
Cl AUTOMOB ILES Cl UJ UJ UJ UJ 




































18 1 8  
1 6  1 6  
14 1 4  
1 2  1 2  
1 0  1 0  
OPERATOR ________________________ __ 
Figure 1 1 .  Motor vehicle speed field sheet (radar). 
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O B S E R V E R  ------------­
D A T E  
W E A T H E R  
L A U TOS AUTOS,PICKU? 
A A N D  on B U S E S  S U ·  2A·4T 
N PIC WPS S U · 2 A · 4 T  ( F RO<! W I T H  




















C O M M E N T S : 
--· ----- - --- - -----
V E H I C L E  C L A S S I F I C A T I O N S  
L A N E  D I S T R I B U T I O N S  
SU·2A·6T S U · 3 A  S U - 4 A  C · 3 A  C · 4 A 
Figure 1 2. Vehicle classification volume count data sheet. 
LOC A T I O N  
D I R E C T I O N  
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VEHICULAR VOLUME DISTRIBUTION 
SUMMARY 
Date Day Location ______________ _ 
Weather Computer ______________ _ 
Remarks __________________________________________ __ 
St. On St. On St. On 




Figure 13. I ntersection vehicular volume distribution summary. 
St. TOTALS 
Tot Main. Side Both 
DATE ____ _ 
T I M E  ____ _ 
APPROACH -----------­
R E M A R K S ---------------------
V OL U M E  STOPPED _____ _ 
N O N  S T OPPED ___ _ 
TOTAL ------ • V 
ACTUAL T I M E  NUMBER O F  STOPPED VEHICLES AT-








TOTALS FOR PERIOD ( IS SECOND I N T E R VAL) • --- • T 
AVERAGE DELAY PE-R V E H I C L E  • ( T x  1 5 ) I V  • --- SECONDS 
Figure 14. Intersection delay data collection form. 
c o n f l i ct o c c u rs w h e n  a d r i ve r  c omm i ts a 
v i o l a t i o n o r  m a k e s  a n  e v a s i ve a c t i on s u c h  
a s  b r a k i n g o r  weav i n g  to a vo i d  c o l  I i d i n g 
w i t h a n o t h e r  v e h i c l e  o r  p e d e s t r i a n .  Types 
and f re quen c i e s of c o n f l i c ts a re m e a s u re s  
o f  a c c i d e n t  p o te n t i a l  a n d  o p e r a t i on a l  
p ro b l ems . Many h i g hway a g e n c i e s a re n o w  
us i n g c o n f l i c t  d a ta to comp l eme n t  a c c i d e n t  
d a t a  C 1 5 l . C on f l i c t c o u n ts e n a b l e  a q u i c k 
e v a l u a t i on o f  c ha n g e s  i n  r o a d  d e s i g n ,  
s i g n i n g ,  s i g n a l i zat i on ,  a n d  o t h e r  
e l eme n ts .  T h e  f i rs t  f o rm a l i ze d  p r o c e d u r e  
f o r  i d en t i fy i n g  a n d  reco r d i n g t r a f f i c  
c on f l i c ts a t  i n te rs e c t i on s  w a s  d eve l op e d  
b y  Perk i n s a n d  H a r r i s  o f  Gen e r a l M o t o r s  
C o r p o r a t i o n i n  1 9 6 7  C 1 6 l .  T h e  u s e  o f  
c o n f l i c t a n a l ys i s  t e c h n i ques h a s  been 
I i m i te d  p r i m a r i l y  to i n terse c t i o n s .  
Howe v e r .,  
types o f  
( 1 5 ) .  
Ma j o r  
p r o c e d u r e s  f o r  a n a l yz i n g o t he r  
l o c a t i o n s  a re u n d e r  d e v e l opment 
types o f  c o n f l i c ts a t  
i n te rs e c t i o n s  i n c l u d e  r e a r-en d ,  l e f t - tu r n , 
c r o s s - t ra f f i c , r e d - 1 i g h t v i o l a t i o n ,  a n d  
weave c o n f l i c t s . E r ra t i c  m a n e u v e r s  h a ve 
a l s o been u s e d  a l o n g  w i t h c o n f l i c ts . An 
e r r a t i c  m a n e u v e r  i s  a n y  s u d d e n , u n expe c te d  
movem� n t  b y  a ve h i c l e  t h a t  c o u l d  resu l t  i n  
an a c c i d e n t .  A n  e r r a t i c  m a n e u v e r  d i f fe r s  
f r o m  a c o n f l i ct i n  t h a t  i t  u s ua l l y  
i n v o l ve s  on l y  o n e  ve h i c l e  c o mm i t i n g a n  
u n s a fe movement i n d e p e n d e n t  of any o t h e r  
ve h i c l e .  W h e r e a s  t ra f f i c  c on f l i c t c o u n t s  
u s u a l l y  i n d i c a te t h e  p o t e n t i a l  f o r  
a c c i d e n t s  be tween t w o  o r  m o r e  v e h i c l e s ,  
e r ra t i c  m a n e u v e r  c o u n t s  m a y  p ro v i d e 
i n f o rm a t i o n a b o u t  t h e  p o te n t i a l  f o r  
s i n g l e - v e h i c l e  a c c i d e n ts . A n e a r - m i s s 
a c c i d e n t  o c c u r s  w h e n  a c o l  I i s  i o n between 
two or m o re ve h i c l es i s  a v o i de d  d u e  t o  a 
l a s t - s e c o n d  e v a s i ve . m o veme n t  o r  s t o p . A 
n e a r - m i ss a c c i d e n t  i s  a v e r y  s e v e r e  type 
of c o n f l i c t or e r ra t i c  maneuve r ;  
re l a t i ve l y  few n e a r-m i s s a c c i d e n t s  m a y  be 
o b s e rved at a n y  l o ca t i o n w h e n  c omp a r e d  to 
t h e  n u m b e r  of c on f l i ct s  o r  e r r a t i c  
m a n e u v e r s  C l 5 l . 
A p ro c e d u r e  w a s  d eve l o p G d ' f o r  t h e  
systemat i c  c o l l e c t i o n o f  t r a f f i c  c o n f l i c t 
d a t a  a t  i n t e r s e c t i o n s . T he p r o c e d u re i s  
b a s e d  o n  the Ge n e r a l M o t o r s  C o r p o r a t i on 
p ro ce d u r e , bUt i n c l u d e s  mo d i f i c a t i o n s  i ri 
c o n f l i c t  types a n d  d a t a  c o l  l eo t i on t i me s  
( 1 5 ,  1 6 ) .  A comp l e te d e s c r i p t i o n o f  
Ken tuck y ' s  c on f l i c t · p r o c e d u re a l o n g  w i t h 
d a t a  f o rms a n d  co n f l i c t d e f i n i t i o n s  i s  
g i ven i n  A p p e n d i x  G .  
A c u r r e n t  s t u d y  i n v o l ve s  re l a t i n g 
a c c i d e n t s  a n d  c o n f l i c ts a t  i n t e r s e c t i o n s .  
A re v i s e d  i n te rs e c t i o n c o n f l i c t d a ta s h e e t  
was d e v e l o p e d  f o r  t h a t  s t u d y  a n d  i s  a l s o 
i n c l u d e d  i n  A P P ENDIX G ( F i g u re G 9 l .  
T h e  c o n c e p t  o f  a c o n f l i c t  d i a g r am 
a l s o h a s  been i n t r o d u c e d  f o r  u s e  i n  a 
s i m i l a r way a s  a n  a c c i d e n t  d i a g ra m  ( 1 5 ) .  
W h e r e a s  an a c c i d e n t  d i a g ram s h ows o n l y  
r e p o rted a c c i d e n t s  C pe r h e p s  l es s  t h a n  5 0  
p e r c e n t  o f  a l l  a c c i d e n t s ) ,  . a c o n f l i c t 
d i a g r a m  p r o v i d e s  v a l u a b l e  i n f o rm a t i o n o f  
n e a r- a c c i d e n t s  o r  p o ten t i a l  a c c i d e n t s . An 
examp l e  o f  a c o n f 1  i ct d i ag ram i s  s h own i n  
f i g u re 1 5 .  T h e  n um b e r  o f  o c c u r r e n c e s  o f  
e a c h  c o n f l i c t  type i s  g i ven o n  e a c h  
s k e t c h .  M o d e r a t e  o r  s e v e re c o n f l i c t s  a r e  
g i v en i n  p a re n t h e s i s .  
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Field Inspections 
L o c a t i o n s  f o u n d  to be h a z a r d o u s  b a s e d  
o n  a c c i de n t  exp e r i e n c e  a re i n s p e c t e d  b y  a 
mu l t i d i s c i p l i n a r y  team c o n s i s t i n g o f  
t ra f f ic e n g i n e e r s ,  m a i n t e n a n ce e n g i n e e r s ,  
p o l i ce ,  a n d  r e p r e se n t a t i v e s  o f  the 
a p p r o p r i a te h i g hw a y  d i s t r ic t .  P hys i c a l  
a tt r i b u t e s  o f  t h e  l o c a t i o n a re s tu d i e d 
a l o n g  w i t h o t h e r  i n f o rmat i on s u c h  a s  
c a l l  i s  i o n d i ag rams , v o l ume d a t a ,  sp e e d  
d a t a , a n d  d e l ay i n f o rm a t i o n .  T r a f f i c  f l ow 
i s  o b s e r ve d  to d e t e c t  a n y  n o t i ce a b l e  
d r i ve r  e r r o r  o r  c o n f u s i o n .  
R e c omme n d a t i o n s  f o r  s a fety i mp roveme n t s  
a re m a d e  b y  the i n v e s t i g a t i ve team . 
Selecting Improvements 
T h e  se l e c t i o n o f  i mp rovements mus t b e  
made w i th t h e  e n t ire h i g hway system i n  
m i n d .  F o r  examp l e ,  i f  c h a n g e s  i n  s i g n a l  
t i m i n g a t  a n  i n t e r s e c t i o n a r e  recomm e n d e d , 
t h e  e f fe c t  o f  t h i s  c h a n g e  o n  a d j a ce n t  
s ig n a l s  m u s t  b e  k n own i n  terms o f  s i g n a l  
c o o r d i n a t i on a n d  t ra f f ic f l ow .  C a r e  
s h o u l d  be t a k e n , f o r  examp l e ,  w h e n  
r e c o n s t ru c t i n g a s e c t i on o f  r o a d  s o n o  
a b r u p t  g e ome t r i c  
i n t r o d u c e d . 
c h a n g e s  w i  I I  b e  
B a s e d  o n  e i g h t s p e c i f i c  types o f  
a c c i d e n ts , a I i s t i n g o f  s u g g e s t e d  
c o r r e c t i o n s  a t  h a z a r d o u s  l o c a t io n s  h a s  
b e e n  p r e p a re d  ( 1 4 ) .  T h i s  I i s t i n g i s  a 
g u i d e f o r  t r a f f i c  e n g i n e e r s  t o  s e l e c t  
i m p ro v e me n t s  f o r  t h e  r e d u c t i o n  o f  s p e c i f i c  
a c c i d e n t  type s . T h i s  I i s t i n g i s  g i ve n  i n  
A P P EN D I X  H .  
S e v e r a l  i mp o r t a n t  p o i n t s  s h o u l d  b e  
reme m b e re d  w h e n  s e l e c t i n g h i g hw a y  
i mp ro v e me n ts ( 4 ) :  
l .  I d e n t i f y a I I  
i mp ro v e m e n t s  e v e r y t h i n g f r om 
n o t h i n g a l te r n a t i ve to t h e  
p r a c t ic a l  
t h e  d o ­
u l t i ma t e  
i mp r o v e m e n t  s u c h  a s  m a j o r  r e c o n s t ru c t i o n .  
S e v e r a l a l te r n at i ve s  c � n  b e  c on s i d e r e d  i n  
t h e  e c o n o m i c  a n a l ys i s  w h i c h w i  I I p o i n t t o  
t h e  b e s t  s o l u t i o n .  
2 .  I d e n t i f y a l l  r e a l i s t i c  
c o m b in a t i o n s  o f  i mp r o v e me n t s . 
3 .  I d e n t i f y t h e  expe c t e d  e f f e c t  o f  
a !  I i mp r o v e me n t  c o m b i n a t i o n s  o n  a l I 
a c c i d e n t s  < types a n d  s e ve r i t i e s ) . T h i s  
i n p u t  is u s e d  f o r  b u d g e t in g  t h e  s a fety 
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A � Weave Conflicts �"""' 
9 - Left Tum from Wrong 
C - Opposinq left Turn 
0 - Run Red Light 
E - Slow For Right TUrn 
F - Slow For Left Turn 
G • Driveway Rear End 
WOODLAND I 
AVENUE I 
EUCLID AVENUE / H - Previous Traffic Conflict 
I - Congestion Or Traftk: Backup 
J - �deslrion 
K - Abrupt Stop 
L - Slow Vehicle 
M - Slop For Bus 
� - Designates Numbltr Of Moderate 
Conflicts 
Figure 15. Conflict diagram at Euclid Avenue and Woodland Avenue intersection ( Lexington). 
Budgeting Safety Improvements 
T o  b ud g et safety improvements to 
yield the g r eatest b e n efit, an e c o n omic 
evaluation requires the input of 
construction and maintenan c e  costs a n d  
b e n efits to b e  d e rived from a c c i d e n t  
reduction a n d  othe r s o u rces. T h e  expected 
benefits an d costs may t h e n  be compared b y  
some method suc h as b e n efit-cost analysis, 
and p r o j e c t  ranking a n d  sele c t i on may b e  
o rd e r e d  b y  d ynamic prog rammin g .  
Est i �ates a r e  to b e  made of b e n ef i ts 
a n d  costs for eac h i mp r o vement p ropose d. 
A n  e con omic analysis, of c o u rs e ,  i s  only 
as re i i a ble as t h e  estima tes of ben efits 
a n d  c o s ts .  Based on 4 4 7  imp r o vements i n  
Kentu c k y , a v e rage se rvice I ives , a n n ual 
mainte n a n c e  costs, a n d  pe r c e ntage 
r e duction in accidents were determi n e d  a n d  
used a s  cited i n  Table 9 1 1 7 l .  T hose 
i mprovements include d  1 2  d i fferent types 
at i nte rsections ,  7 types f o r  curves, a n d  
1 9  g e n e r a l  improvements. Annual 
Table 9. Summary of Improvement Cost and Benefits. 
TYPE OF 
IMPROVEMENT 






Sight D11tanc� Imp. 
Post Oelineatan 
Comb, Delineators, Markings, 
] S1gns, Maintenance Shoulder li11pro•ements Comb. Resurfaoe, Patchi.ng, 
Drainage, Deslkk, Culvert 
Rumble Strips 
Rcmo� Median Crossovers 
Ligluing 
Lighting & Rumble Stripl 
Rumble Stnps & Beacon 
Side Road Sign Only 
Prepare for Sudd•n Step Sign Only 
Side Road Sign & Warning Sign 
Signing 
Po•t Dchnu<on 
Signa & Delineators 
j Signs & Mamtenance Comb. D•lineawn, !olarkings, Signs, Matntenance 
Resurfacing. Patch. Drainage, 
Deilkk. Supe<, Culvon, G\lardrail 
Re-alignment jRel<>eate) 
Signs & Marktngs 
Waming Signs 
Regulatory SigiU 
Regulatory & W�ming Signs 
Markin!!" 
Marking, M31n!enance, & S1gning 
Cllonne!iz.auon · Storage Lane 
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ma i ntenance costs varied f ro� zero for 
r e n ewable improvements suci1 a s  pavement 
mark i n g s  to $ 5 0 0  for hig hway I ig hting. 
S e rvice I ives of improve�ents ran g e d  from 
2 years fo r ma r k i n g s  to 2 0  years f o r  
h i g hway real i g n�ent p r o j e cts. A c cident 
r e d uction varied widely b y  improvement 
type and was hig hest ( 40 p e r c e n t l  for the 
i n stal l ation of regulatory signs. 
Dynam i c  p r o g ramming 1 1 7l is an 
optim i z ation tec hnique that t:·ansforms a 
mult i stage d e c ision p r o blem into a se ries 
of one-stage d e c i sion pro blems. T h e r e  a r e  
t h re e  ma i n  reasons w h y  d yn amic prog rammi n g  
is used. First, it is d e sig n e d  to prov i de 
the b e st plan over a F e r i od of t i me. 
S e con d ,  it i s  possi ble to o btain the best 
c o m b ination of p r o jects. T h i r d , it yields 
an optim-3 1 investment plan when t h e  usual 
ben efit-cost, present wort h ,  o r  max i mum 
rate of return approac h e s  are n ot 
practical. W h e n  t h e  amount of money 
re quired for a sin g l e  p r o j e c t  i s  a l ar g e  
po rtion of the b u d g e t ,  the best set of 
p r o jects d oes n o t  n e c essarily c o n sist of 
t h o s e  w h i c h  would b e  c hosen b y  the 
conventional means of prio rity selection. 
Detailed k n owle d g e  of the me c hanics 
of d y n am i c  p r o g rammi n g  i s  not re quired to 
implement a p ro g ram , T he input c o n sists 
only of the c osts an d ben efits a nt i c i pated 
fo r e a c h  pro j e ct · alon g with the time 
required f o r  completio n . Dynamic 
prog rammin g, by taki n g  e v e r y  possible 
combination of pro j e cts into a c c o un t ,  
avoids the possibi I ity of missin g m u c h  
n ee ded pro jects. T he p r o g ram c u r r e n tly 
used was d eveloped i n  1 9 7 4  < l 7 l .  I t  is 
based partly on A l a b ama ' s  CORRECT system 
1 1 8 ,  1 9 ) .  Dynamic prog ramming has also 
b � e n  used in the selection of pro jects f o r  
resurfacing (2 0 ) .  
T o  calculate b e n e f i ts, a n  inte rest 
rate must be selected - - 1 0  p e r c e n t  has 
been commonly use d . A traffic g rowth 
fac t o r  must be determined o r  assumed 
! a b out 5 percent is n o rmally use d ) . Costs 
of fataliti e s ,  in j u r i es ,  a n d  property 
damage must be inputed into the model . 
Hational Safety Council c o sts are used. 
A c c i d e n t  costs f o r  1 9 79 a re g iv e n  below • 
l .  fata l i ty = $ 1 6 0 , 0 0 0  
2 .  
3 .  
in j u r y  = 
p rope rty-damage = 
$ 6 , 2 0 0  
$ 8 7 0  
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T h e  n um b e r  o f  a c c i d e n t s  i n  a c h o s e n  p e r i o d 
o f  t i me a t  e a c h  l o c a t i o n i s  mu l t i  p i  i e d  b y  
t h e  exp e c te d  p e r c e n t a g e  r e d u c t i o n o f  
a c c i d e n t s  f o r  e a c h  i mp r o veme n t  
a l te r n a t i ve .  T h e  a n n u a l  ben e f i ts a re t h e n  
mu l t i p l i e d b y  a n  exp o n en t i a l  g rowt h ,  
p re s e n t-wo r t h  f a c t o r  to o b t a i n  t h e  
p re s e n t - w o r t h  b e n e f i ts f o r  t h e  e n t i re 
serv i ce I i fe o f  t h e  i mp roveme n t . 
The c o s t s  a re t h e  sum o f  t h e  
i mp roveme n t  c o s t  a n d  t h e  ma i n te n a n c e  c o s t  
f o r  e a c h  p ro j e c t .  A p r e se n t-wo r t h  f a c t o r  
i s  u s e d  t o  a d j u s t  t h e  m a i n t e n a n c e  c o s t s  a t  
a f u tu re d a te to t h e  p re s e n t .  
I t  i s  v e r y  d i f f i c u l t  t o  e s t i ma t e  
ben e f i ts a n d  c o s t s . � v e n  w i t h a l a r g e  
samp l e  o f  be f o r e - a n d - a f t e r  d a ta f o r  
s i m i l a r l o c a t i o n s  a n d  i mp r oveme n t s , 
a c c i d e n t  r e d u c t i on e s t i mates may be 
i n a c c u r a te . T h i s  i s  a t t r i b u ta b l e  i n  p a r t  
t o  d i f f e r e n c e s  i n  c ha r a cte r i s t i c s o f  
seem i n g l y  s i m i l a r h i g hway l o c a t i o n s .  
S p u r i o us n e s s  i n  a c c i de n t  o c c u r r e n c e s  
c o n t r i b u t e s  to t h e  u n ce r t a i n t y  i n  
p re d i c t i n g f u t u re a c c i d e n ts . P r e d i c t i on s  
o f  r e d u c t i on s  s ho u l d  be b a s e d  o n  l a r g e  
d a t a  s amp l e s a n d  be g u i d e d  b y  e n g i n ee r i n g 
j u d g me n ts . I f  b e ne f i t  a n d  c o s t  i n pu t s  a r e  
c a re l e s s l y  o r  i n c o r rect l y  e s t i m a te d , 
resu l ts o f  d y n a m i c  p r o g ramm i n g  w i l  I be 
e q u a l l y  i n  e r ro r .  
O n e  type o f  o u t p u t  f ro m  t h e  d y n a m i c  
p rog ramm i n g  mo d e l  i s  p re s e n t e d  i n  T a b l e 
1 0 .  T h i s  I i s t i n g  i s  b y  l o c at i on n u mb e r  ( l  
to 6 1 l  a n d  i n c l u d e s  c o d e d  l o c a t i on 
i n fo rm a t i o n ( c o u n t y ,  r o ute , a n d  m i l e p os t ) ,  
a l te r n a t i ve n um b e r  C l  to 7 ) ,  p r o j e c t  c o s t ,  
d o l l a r  r e t u r n  ( ac c i d e n t  b e n e f i t > ,  a n d  
ben e f i t - c o s t  ra t i o .  A f t e r  d y n a m i c  
p r o g ramm i n g i s  c o n s t r a i ne d  w i t h i n  a 
s p e c i f i e d b u d g e t ,  p ro j e c t s  a re se l e c t e d  a s  
s h own i n  T a b l e  1 1 .  T h i s  p r i n t o u t  i n c l u d e s  
t h e  p ro J e c t s  se l e c te d  a n d  c i te s  p r o J e c t s  
n o t  se l e c t e d  d u e  to i n s u f f i c i e n t  f u n d s  
C c o d e d  O J .  T he c o s t s  a n d  r e t u r n s  a r e  a l s o 
c i te d  t h e re f o r  e a c h  p r o j e c t  a l on g  w i t h 
t o t a l s  ( b o t t o m  o f  p a g e ) a n d  a c cumu l a ted 
retu r n s .  A c o p y  o f  t h e  c o m p u t e r  p r o g r a m ,  
a I i s t i n g o f  v a r i a b l e s ,  t h e  i n p u t  c o d i n g 
i n s t r u c t i o n s ,  a n d  o t h e r  i n f o rm a t i o n 
n e c e s s a r y  to i mp l emen t  the p r o g ram h ave 
been p rov i d e d  i n  a p re v i o u s  report C l 7 l .  
T h e  s o u rce d e c k  f o r  t h e  d yn a m i c  
p r o g r a mm i n g p r o g r a m ,  howe v e r ,  i s  p r o v i d e d  
i n  A P P EN D I X  I .  
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Table 11. Alternatives Selected with Dynamic Programming for a Given Budget. 
ALTERNATIVES SELECTED 
FOR $50,000 BUDGET 
BUC..GI::T LOUT ION LOOTICN NAI>II:c AL.T-NUM C.OST RETURN ACCUM RETUF\N 
50000 . 00 
b l  63-2 5 - 1 0 . 0  0 o .  o .  868 69 2  .. 
60 2 2 -60-Zb o Z 0 o .  o .  8 68t.92 a 
5 9  3Q-6Q- l b a 4  2 50C:. 3 3 3 8 .  868692 .. 
? 0  82-31W-l o 2  I sao .. 1 92. 1 .  8 6535 4 . 
" 5 1-41-2 0 . ('  I 50() .. 1 0792 .. 863433. 
" BC-31W-2 . 2  0 o .  o .  8 5264G .,  
5 5  102-2�-1 1 . 9  l 5 0 0 .  3934. 852640 .. 
>• 63-25- 1 0 . 4  7 2250. 1'9645. 6 48 70 7. 
53 47-::nw-23d 0 o .  o .  829062. 
,, 70-U$60-1 1 . 3 5 l15G. 802 1 .. 829062 .. 
5 1  79-64 1 - 1 2 . 5  l 1000. 26532. 8 2 1040 .. 
50 7Y-b4 l -1 2 . 5  3 1000. 1 11 5 2 . 794"i0 8 .. 
. , l U -bt.-'>' . 2  3 750 • 58 60 . 777356. 
4b 30-60-1 5 . 0  0 o .  o .  771496. 
47 t-2-3tw-t.o 0 o .  o .  771496. 
46 t!Z-USbU- 1 2 . 7  0 o .  o .  771496. 
., ij � -uSo0-12 .. 7 l 750. 9097. 77 1 496 .. 
44 7(;-60- 1 1 . 4  c o .  o .  762399. 
43 !:. l-60-2 0 . 3 l 750. 8 64 1 1 .  762 399. 
4c 7<;J-64 L -1 3 . C  0 o .  o. 675988 .. 
41 L V-60-0 .. 3 0 o .  o .  6 75 98 8 . 
40 8 � -60- 1 2 . 3  l 500. uon< . 67598 8 . 
39 1 20-6U-1 2 .. t. I "'oc. 9001:! .. 664'":1 1 (1 . 
2-ti 84-6H-t.l.!-· I 1 000 . :3 448 6. 6 55902 . 
37 S2-3l w-l . l  I soc. 1 7 l bS .. 6 2 1 4 1 6 .  
, .  U� l-41-20.0 l 50 C .  4bq9. 6042..,.8 .. 
3:. 5 1 -41-20.0 0 o .  o .  599549. 
j4 4 1 - 1 7 ':1 - 1 5 5 .6 I 400 0 . i52094. 599549. 
33 03-2.5-10.9 0 o .  o .  4o4745 5 .  
� L  5 t,-lt.�K T P - 1 3 0  . 1  I 1 �00 . 1 1 7 1 1 .  447455. 
::0 1  72-e41-8 . �. 3 zooo. 5 6 1 0 0 .  435743. 
30 54-41A-12 . 2  3 7%. b 5 1 3 .  37<,164-4 . 
.<.:'1 b�-25- I C. . e  0 o .  o .  3 7 1 1 3 1 .  
L'tl 7 :2.-62- 1 0 . 9 3 300(1. 12 28b .. 3 7 1 1 3 1 .  
27 73-4�-o.S 0 o .  o .  3 5 8 840 . 
, . 73-62-17 .. 8 0 o .  o .  3 5 8 84 6 .  
25 <t l -22-1 1 . 3  4 lUQC,. 1 1 53 0. . 3 5 8 8 4 6 .  
�-4 1 .t  .... -::. uo�-Lt- . I  0 c .  o .  3 4 7 3 1 6 �  
2 3  3C·-54- I 2 . t> I 750. 4290. 3473"16. 
" 47-3l�rt-2 h . (;  I 2250 .. 24654. 343026. 
2 1  3 7-1<.7-P • '( 0 o .  o .  3 1 8 :3 7 2 .  
; o  toc.-o-3.2 0 o .  o. 3 1 8 3 72 . 
,., oJ-2 5 - 1 0 . 0  0 o. o. 3 1 8 3 1 2 .  
" l l 4-? lW-l6.2 3 750. 407 1 .  3 1 8372. 
17 24-bfl-9 . 1  0 o .  o .  3 1 43 0 1 .  
lb 54-4 1 A- 1 2 . 4  3 ?50. 1 501t0 . 31430 1 .  
1 5  7'>-�4 1 - 1 8 . 9  I 7 5 0 .  3548. 2962 6 1 . 
1 4  3 S> - I 7 1 -63. 7 l 4500 .. 26(129. 2 92 7 1 3 .  
1 3  30 -b(.-44 . 1  0 o. � .  2 6665 4. 
1 2 72-t-4 1-8 . 5  l 150. 40588. 2b6684. 
l l  3 0-0V-1 5 . 2 0 5 00 0 . 3 1 8&6. 2 26095 .. 
1 0  lv2-2'5-';-4 0 o .  o .  1�42 29 . 
9 1(·.(:-25-9 .. 2 0 o. o. 194229 .. 
' 20-5 1 - 1 - 1  0 o. o .  194229. 
7 40-421-14 .. ..,. 0 c .  o. 194229. 
• 73-... �-7 .. 2 3 7 5 0  • 6726. 1942 2 9 . 
� 73-45-b.S 0 o .  o. 187504. 
4 54-4}.6.-12 .. c I soc. .. li792 .. 1 8 75 0 4 .. 
3 30-6(,-15 .. 2 I 2000. 1 1 3 8 5 .  1 7 7 7 1 2 .  
2 ;,o-oo- t s . 1  I 42 5 0 .  158707 .. 16632 7 . 
I 63-25-l O . Q  I 1 500. 7620. 7620 . 
•••• ************ TOTALS • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  50000 .. 868692. 868692. 
Evaluation of Improvements 
A f t e r  i m p roveme n t s  a re comp l e ted , a n  
an a l ys i s  m a y  b e  m a d e  t o  e v a l u a te t h e  
e f fe c t i vene s s  o f  t h e  i mp roveme n t s . T h i s  
a n a l ys i s  i n vo l ves a comp a r i s o n  o f  b e f o re 
a n d  a f t e r  d a t a  to d e t e rm i n e w h a t  c h a n g e s  
have o c c u r re d .  P r i ma r i l y ,  t h e  e v a l u a t i o n  
i n v o l ves a n  acc i d e n t  a n a l ys i s ;  h ow a ve r 7  
o t h e r  e v a l u a t i o n 
a pp l i e d . 
c r i te r i a  may 
Accident Studies 
Comp a r i s o n  
a c c i d e n t s  s h ows 
o f  be f o re a n d  
the e f fe c t i ve n e s s  
a l s o b e  
a f te r 
o f  the 
25 
i mp roveme n ts i n  r e d u c i n g a c c i d e n ts . A l so ,  
t h e  re d u ct i on s  m a y  b e  used to i mp r ove 
p r e d i c t i o ns of the ben e f i t s to be d e r i ve d  
f r om s p e c i f i c  types o f  i mp roveme n ts .  T h e  
b as i c  d a ta n e e d e d  i s  a summa r y  o f  
a c c i d e n t s  f o r  a t  l e a s t  a l-ye a r  p e r i o d 
b e f o r e  a n d  a f t e r  t h e  i mp r o veme n t  was 
comp l e te d .  Two ye a rs o f  b e f o r e  d a t a ,  o f  
c o u rsa , p r o v i d e1 more re i i a b l e  resu l ts 
t h a n  o n e  y e a r  o f  d a ta ( 9 ) .  A s ummary o f  
a c c i d e n t s  b y  l o c a t i o n may b e  o b t a i n e d  
us i n g  t h e  K e n t u c k y  A c c i d e n t  R e p o r t i n g 
System ( K A R S ) .  Howeve r ,  i t  may be 
n e c e s s a r y to p e r f o rm m � n ua l searc hes to 
e ns u r e  that a l I a c c i d e n t r e p o rts a r e  b e i n g  
c o u n t e d . E i t h e r  a c o p y  o f  e a c h  a c c i d e n t  
re p o r t  m a y  b e  o b t a i n e d  a n d  use d ,  o r  t h e  
a c c i d e n t  i n f o rma t i o n �ay b e  e n t e r e d  o n to 
a n  a c c i d e n t  r e p o r t  f o rm d e v e l o p e d  b y  t h e  
D i v i s i o n o f  T r a f f i c  ( f i g u re 1 61 . 
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1. DATE OF ACCIDENT DAY OF WEEK TIME OF DAY OF ACCIDENT 
2. LOCATION OF ACCIDENT 
Route/Street ------------------"M"'il=.e c:Poe.:so.t ---------'-
At Intersection with Route/Street 
3. VEHICLE TYPE AND DIRECTION OF TRAVEL 
N E S W 
Vehicle 1 ------ headed 0 0 0 0 on --------
N E S W 
Vehicle 2 ______ headed 0 D 0 0 on --------
4. TYPE OF ACCIDENT 
___ Head on 
___ Sidesw1pe 
___ Rear End 
--- Right Angle 
7. CAUSE OF ACCIDENT 
_f" --- Left Turn 
�0 --- Fixed Object 
� _ _ _  X ___ Pedestrian 
--- Other __ _ 
5. VISIBILITY 6. ROAD SURFACE 
___ Daylight ___ Dry 
___ Night ___ Wet 
___ Dusk ___ Ice 
___ Fog ___ Snow 
Rain Other 
REMARKS CONCERNING CAUSE OF ACCIDENT 
___ Followed Too Closely 
___ Inattentive 
___ Excessive Speed 
---· Ran Red Signal 
___ Fat led to Yield 
___ Drove While Intoxicated 
___ Ran Stop Sign 
___ Passed Improperly 
___ Turned Improperly 
___ u Turn 
___ Mechanical Failure 
___ Failed to Signal 
___ Jay Walked 
___ Other __ _ 
8. COMMENTS. DIAGRAM. ETC. NEEDED TO DESCRIBE THE ACCIDENT 
CIRCLE ONE 
POD I INJ 
Data Collected by __________ Report Prepared by -----,==-----AGENCY 
I FATAL 
Figure 16. Accident report form, Division of Traffic, Kentucky Department of Transportation. 
A " L o c a t i o n I m p roveme n t  W o r k s h e e t "  
h a s  b e e n  deve l o p e d  < F i g u re 1 7 ) .  B e f o r e  
a n d  a f t e r  d a t a a re sum�a r i ze d .  T ra f f f ·c 
vo l umes a r e  e n t e r e d  s o  rates may be 
ca l c u l ated and compare d . T h e  p e rc e n t a g e  
re d u c t i o n i n  a c c i d e n t s  i s  a l s o d e te rm i ne d . 
F i n a l l y , a n  e c o n o m i c  a n a l ys i s  i s  p e r f o rmed 
i n  terms of a ben e f i t - c o s t  r at i o  a s  s hown 
i n  F i g u r e  1 7 .  I t  i s  g e n e r a l l y r e c o g n i ze d  
th at a r a t i o  o f  o n e  o r  g re a t e r  m e a n s  t h a t  
t h e  i mp r oveme n t  w a s  a wort h y  o n e . 
A s t a t i s t i c a l  e v a l u at i o n m a y  b e  m a d e  
b y  a p p l i ca t i o n o f  t h e  C h i - S q u a r e  a n d  
P o i s s o n  d i s t r i b u t i on s .  C u r v e s  f o r  
d e term i n i n g the s t a t i s t i c a l  s i g n i f i c a n c e  
o f  a c c i d e n t  re d u c t i o n a re g i ve n  i n  F i g u re 
l ll  < 2 1 l .  T h e  i n f o rmat i o n n e e d e d  i s  t h e  
n u m b e r  o f  a c c i d e n t s  be f o re i mp roveme n t  a n d  
the r e d u c t i o n a f t e r  t h e  i mp ro v e men t .  T h e  
_actu a l redu c t i o n m a y  t h e n  b e  c o m p a r e d  to 
the reduct i o n re q u i red < F i g u re l B l  to b e  
s i g n i f i c a n t .  T h e  c u r v e s  a r e  f o r  a 
9 5 - p e rce n t  l ev e l  o f  c on f i d e n ce t h at t h e  
r e d u c t i o n w a s  s i g n i f i c an t .  T h i s  m e a n s  
LOCAtiO� CODE 
UPDAtED BY 
LOCATION niPROVDIE)JT WORKSHEET 
COUNTY ROUTE ________ _ 







T OTAL ACC 
·.\TAL ACC 




no .... cc 
' .1.TE 
t REDUCTION lOO{BT - AT)/BT '" 
!MPROVn1E:-IT CODE, __ _ 
(BT - AT) x 2 , 800 '" EUAB 
CRF { I )  • K '" EU,\C 
EUAB/EUAC � B/C • 
BT • �umher of before accidents 
AT '" :-lumher of after acciden.b 
CRF� Capital r"covery factor 






K " Annual r.l:Jintcnance cost 
EUAB'" Equivalent uniform annua l 
benefit 
EUAC• Equiv:;�.lent uniform anmm l 
cost 
Figure 17. Location improvement worksheet. 
. 
t h e re i s  o n l y  a f i ve-pe r c e n t  p r o b a b i  I i ty 
t h e  r e d u c t i o n o c c u r r e d  mere l y  b y  c h a n c e .  
Depe n d i n g a n  t h e  re i i a b i  I i ty o f  t h e  
a c c i d e n t  d a ta , one o f  t h e  two c u rv e s  i n  
F i g u re 1 3  m a y  b e  se l e c t e d  f o r  u s e .  T he 
P o i s s o n  d i s t r i b u t i o n m a y  be u s e d  w h e n  two 
or m o re y e a r s  of a c c i d e n t  d a ta a re 
a v a i l a b l e  f a r  t h e  b e f o re pe r i o d ( 2 2 ) . 
More d e ta i l e d  a c c i d e n t  a n a l yses m a y  
be p e r f orme d . A c ommon a n a l ys i s  i s  to 
com p a re the seve r i t y of the b e f o re a n d  
a f t e r  a c c i d e n t s . T h e  f re q u e n c y  o r  
p e rc e n t a g e  o f  i n j u r y  o r  f a ta l a c c i d e n t s  
m a y  b e  c o m p a re d . T h e  s e ve r i ty i n dex m a y  
a l s o b e  u s e d  ( 9 ) .  A c o mp a r i s o n  b e tw e e n  
s p e c i f i c  t y p e s  o f  a c c i d e n ts m a y  a l so b e  
p e r f o rmed < a  s a fe t y  i mp roveme n t  c o u l d  
a f f e c t  v a r i o u s  t y p e s  o f  a c c i d e n t s  
d i f fe r en t l y ) . O t h e r  a n a l ys e s  c o u l d  
i n c l u de comp a r i s o n s  o f  v a r i o u s  p a v e m e n t  
s u r f a c e  c on d i tio n s , 1 i g h t  c on d i t i o n s ,  a n d  
o t h e r  c on t r i b u t i n g fa c t o rs . 
Other Evaluations 
I n  a d d i t i on t o  d e ta i l e d a n a l yses a n d  
c a l c u l · a t i o n s  o f  b e n e f i t - c o s t  r a t i os ,  o t h e r  
c r i te r i a  m a y  b e  ap p l i e d  to t h e  e v a l ua t i on 
� f  s a fe ty i mp roveme n t s . O t h e r  c r i te r i a  
a re g i ve n  i n  T � b l e  1 2 .  A c c i d e n ts a n d  
b e n e f i t- c o s t  r a t i o s h a v e  b e e n  t h e  p r i ma r y  
c r i te r i a .  A n  a n a l ys i s  o f  t r a f f i c  s p e e d s  
c o u l d  i n c l u d e  c omp a r i s o n  o f  t h e  a v e r a g e  
s p ee d ,  8 5 th p e r c e n t i l e  s p ee d ,  a n d  1 0 - m p h  
< 4 . 5 -m/s ) p a c e . Co n f l i c ts a n d  e r r a t i c  
m a n e u v e r s  m a y  b e  o bs e r v e d  t o  f i n d  t h o s e  
c o n f l i c ts a n d  m a n e u v e r s  t h a t  m a y  b e  
a f fected b y  t h e  i mp ro v e me n t s . A n  a n a l ys i s  
o f  d e l ays a n d  v o l umes may b e  u s e f u l a f t e r  
i n st a l l a t i o n o f  a t r a f f i c  s i g n a l . B r a k e  
a p p l i c a t i o n s  h a v e  b e e n  u s e d  t o  e v a l uate 
i mp r ovements s u c h  a s  d e l  i n e a t i a n of s t o p  
a p p ro a c h e s . E n c ro a c hm e n t s  a n d  l a te r a l 
l--
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Figure 1 8. Curves for determining the statistical significance of 
accident reduction. 
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Table 12. Evaluation Criteria for Safety Im-provements. 
PRIMARY ACCIDENTS 
DENI F I T -CO S T  R A TIO 
OT HER SPEE D S  
CRI TERIA T R A F F IC CONFLICTS 
E R R A T I C  MANE U V E R S  
DELA Y S  
VOLUMES 
CAPACITY 
DRAKE APPLIC A TIONS 
ENCROACHMENT S  
L A T E R A L  PLA C E MENT 
ENVIRONME N T A L  ( NOISE LEVELS A N D  AIR Q U A L I T Y )  
p l aceme n t  h a v e  been used to e v a l u ate 
i mp rovements at c u r ve s .  A l s o ,  e v a l u a t i o n s  
o f  t ra f f i c  s i g n a l mystems h a v e  i n c l ud e d  a n  
a n a l ys i s  o f  n o i se l e ve l s  a n d  a i r  qu a l i ty 
i n  a d d i t i on to d e l ays , vo l ume s ,  c a p a c i ty ,  
a n d  a c c i d e n t s . 
Program Evaluation 
I n  a d d i t i o n to a n  e va l u a t i o n o f  
i n d i v i d u a l  s a fe t y  i mp roveme n t s , an 
e v a l u a t i o n o f  the e n t i re p ro g r a m  may b e  
. u s e fu l . A p rev i o u s  r e p o r t  c i te d  a n  
e v a l u a t i o n  o f  t h e  h i g h- a c c i d e n t  s p o t ­
i mp ro v e me n t  p r o g r a m  i n  K e n t u c k y  (9 ) .  S u c h  
a n  e v a l u a t i o n wou l d  d e t e r m i n e t h e  o v e r a l l  
e f fe c t i v e n e s s  o f  t h e  p ro g ram . A 
d e term i n a t i o n o f  t h e  type o f  i mp r ov e me n t s  
m a d e  a n d  a c om p a r i s o n  o f  t h e  b e n e f i ts 
d e r i ved f r o m  t h e  v a r i o u s  s a fe t y  
i mp roveme n t s  m a y  be h i g h l y  des i ra b l e .  
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KARS Reporting Features 
O N- L I N E  I N Q U I R I ES -- R e s p o n s e  g i ve n  o n  CRT ' s  
MASTER C A S E  NUMBER -- A I  l ows a c c e s s  to a n y  
s p e c i f i e d  a c c i d e n t  re p o r t . N o rma l l y  u s e d  i n  
c o n j u n c t i o n w i t h the l o c a t i on I n qu i ry R e p o r t  
C R- 1 3 4 6 1  to d e t e rm i n e i f  a d d i t i o n a l  i n - d e p t h  
i n vest i g a t i on i s  n e c e s s a r y .  
L O C A T I O N  I N Q U I RY -- P r o v i de s  i n qu i ry b y  
r o a d way s e c t i o n o r  b y  i n te r s e c t i o n .  T h i s  
r e p o r t  i s  i d e n t i c a l  to t h e  f i r s t  80 p r i n t  
p o s i t i on s  o f  R e p o r t  R - 1 3 4 6 . 
B A T C H  R EP O R T S  -- R e s p o n s e  p r o v i d e d  b y  p r i n t o u t .  
R - 1 3 4 0 *  - - D ET A I L  L I S T I N G  O F  A L L  A C C I D ENTS BY 
L O CAT I ON -- P ro v i de s  a d e t a i l  I i s t i n g of a l I 
a c c i d e n t s  b y  route n umbe r n r  s t re e t  n ame . 
R - 1 34 1 �  -- D ET A I L  L I S T I N G  O F  A L L  A C C I D EN T S  
W I T H  C O N T R I B U T I N G  EHVIRONMEHTAL FACTORS 
T h i s  report i de n t i f i e s  a c c i d e n t  l o c a t i o n s  
w h e r e  the r o a d wa y  e n v i r o n m e n t  was a c a u s i t i ve 
o r  c o n t r i bu t i n g f a c t o r  to t h e  a c c i d e n t .  
R - 1 342 a n d  R - 1 34 3  -- A C C I DENT B U I L DU P  L I S T I N G  
T hese r e p o rts a r e  u s e d  to a i d  i n  
i de n t i fy i n g h i g h- a c c i d e n t  l o c a t i o n s .  
R - 1 344 -- A I D  SYSTEM A C C I DENT SUMMARY -- T h i s  
rep o r t  summa r i ze s  a c c i d e n t s  b y  A I D  Sys tems . 
I t  i s  u s e d  to s a t i s f y  a n n u a l f e d e r a l  
r e p o r t i n g re q u i reme n t s . 
R - 1 3 4 5 *  -- AGENCY A C C I D EN T  SUMMARY T h i s  
re p o r t  i s  u s e d  to d e te r m i n e a c c i d e n t  a c t i v i ty ·  
by s p ec i f i c  p o l i ce a g e n c y �  
R - 1 3 4 6  
T h i s  
S E L ECTED L O C A T I ON D ET A I L  L I S T I N G  --
r e p o r t  i d e n t i f i e s  c e r t a i n  
c h a ract e r i s t i c s o f  a l l  a c c i d e n ts w i t h i n  a 
s p e c i f i e d t i me p e r i od a t  a p a rt i c u l a r 
l o c a t i o n o r  r o a d w ay s e c t i on (route , stree t ,  
o r  i n terse ct i on >  to a i d  i n  s u rv e i l l an c e  o f  
h i g h - a c c i d e n t  l o c a t i ons . 
R - 1 347 -- DETA I L  A C C I DENTS BY A G ENCY -- T h i s  
r e p o r t  i s  u s e d  to d e t e r m i n e a c c i d e n t  a c t i v i ty 
by a g e n c y .  I t  i s  s e n t  t o  l o c a l  p o l  i c e 
d e p a rtments f o r  use i n  Se l e ct i ve E n f o r ceme n t  
P r o g rams a n d  i s  u s e d  b y  the O f f i ce o f  H i g hway 
S a fe ty i n  d e t e rm i n i n g f e d e r a l  g ra n t  
a p p r o v a l s .  
* R e p o r t s  R - 1 3 4 0 ,  R - 1 3 4 1 ,  a n d  R - 1 3 4 5  may be r u n  b y  
a n y  o f  t h e  the f o l l ow i n g e l e v e n  p o l i t i c a l  
j u r i s d i c t i o n s  o r  s u b s e t s  o f  t h e s e  j u r i sd i c t i o n s .  
T h e  R-1341 may b e  run by " a l l "  h i g hway d i s t r i c t s  
o r  by a n  i n d i v i d u a l  " h i g hway" d i s t r i c t .  I f  i t  i s  
run by " a l l '' ,  t h e  e n t i re s t a t e  wou l d  be p rov i d e d , 
c o l l a ted by h i g hway d i s t r i c t .  I f  i t  i s  run by a 
p a rt i c u l a r d i s t r i c t ,  o n l y  t h e  c o un t i e s a s s o c i a t e d  
w i th t h a t  d i s tr i c t wou l d  be p r o v i d e d .  
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
.8 . 
9 .  
1 0 .  
1 1 .  
C o u n t y  
H i g hw a y  D i s t r i c t 
S t a te P o l  i ce P o s t  
A r e a  Deve l opme n t  D i s t r i c ts 
Ema r g e n c y  �1e d i c a l  S e r v i ce ( E . M . S .  l 
D i s t r i c t s  
D i s a s t e r  A r e a s  
Ju d i c i a l  D i s tr i cts 
S t a te S e n a t o r i a l  D i s t r i c ts 
S t a te l e g i s l a t i ve D i s t r i c ts 
U.  S .  C o n g re s s i o n a l  D i s tr i ct s  
S he r i f f ' s  D i st r i c t s  

Appendix B. 
LIST O F  VARIABLES FOR THE "RECORDS 














1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
23 
2 4  
25 
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  
4 0  
4 1  
4 2  
4 3  
4 4  
45 
4 6  
4 7  
4 8  
4 9  
5 0  
5 1  
5 2  
5 3  
5 4  
55 
V a r i a b l e  
C o u n t y  
H i g hway D i s t r i c t O f f i c e 
S t ate P o l  i ce P o s t  
A re a  Deve l o p me n t  D i s t r i c t 
EMS R e g i o n 
D i s a s t e r  Eme r g e n c y  S e rv i ce 
I n c o r p o r a t e d  C i ty Name 
A c c i de n t  Ye a r  
A c c i d e n t  Mon t h - D a y  
A c c i d e n t  N o n t h  
A c c i d e n t  D a y  o f  Week 
A c c i d e n t  T i me of Day 
O c c u r r e n c e s  b y  H u m b e r  of U n i ts I n v o l ve d  
O c c u r r e n c e s  b y  N u m b e r  K i  I l e d 
O c c u r r e n c e s  b y  Numbe r I n j u re d  
S e ve r i ty o f  A c c i d e n t  
S e v e r i ty o f  I n j u ry 
D e s c r i p t i o n o f  A c c i d e n t  
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Appendix C. 
CRITICAL FREQUENCY O F  TOTAL AND EPDO ACCI DENTS 
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Figure C1.  Critical Frequency of Accidents on Rural H ighways 
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Figure C2. Critical Frequency of Accidents on Urban Streets 
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Figure C3. Critical Frequency of EPDO Accidents on Rural Highways 
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Figure D1. Critical Accident Rates for Rural, One-Lane Highway Sections (One-Year Data) (P=99.5). 
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Figure D3. Critical Accident R ates for Rural, Interstate Highway Sections (One-Year Data) (P=99.5). 
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.�HICH IS ,.,IHITEN ONTO A TE'IiPOf.IARY I'IORKSI'ACE 
ro �E USELl IN THE tiEXT STEP oF TH I S  Job. THIS 
f - I Ll:: INCLUDES THE HALAilDoUS LoCA r!UNS <t!TH 
THt= I R  l/ESi'I'CT!>'I' NU/oii;II:R of ACC I DENTS ANU 
CALCULAfED t:J.ll)(l. 
JCLI THIS J.lRuGRAii HAS NOT BEEN CATALOGUELJ �U THE 
ONLf JCL III::CESSAkY IS r11E STA NOAIW I B M  OS JCL 
foOl< THE f'JLES MI:Nri ONCIJ IN TriE !/0 SECTION 
AdPVE. [>-!IS ;>>JoGf./Aiolllf'R U5ES THE FoLLIII'I i N IJ I  
CCI 
I 
rf·oR THE CAKO F I L f l  
.fi'Gi l . S Y S I N  DO • 
l i'OJ.l THE I NPUT D[ SK·J 
/.I'C.<J. D I S K I N  00 l.INIT,.JJ50, 'o'OL•SE�"'I'WkK03, 
OSN•·IT .NI:l':IDI , UISP• l oLD, I<f:!::f' J .  
SPACE•1CYL, l 4 , 1  I I ,  
Let!= I ;JFCF�,.f'D, L>IF:CL'"O 1 5 , ti L K Oi !  ZE .. J':>OOJ 
I FOR THI'! OUT!lUT O I S K J  
.1'/GO . IJ [ SWUT D O  U N ! T,.SY"iOA , DSNz8&N65D2, 
/..II SP.,HIFrt, PA 'iS J ,Si>AC F.• d  C tl , { 4, I J I , 
OCtl• { '11-:Cf'M=Ftl, LilFCL=':>O , BLKS I LE,.'iOOO l 
SUhlloliT!NES CALl.EO• NOliE'. 
REFERENCES• PRoJECT 0/JCUIIENTATIUN CAN BE FOUND 
IN THE N�6S F I L E  UNDER RN85DR04t HOrtHF.R, A 
aRIEF DESCR IPTION FoLLOj�jSI 
THIS PROGRAM HEADS THE DATA PKEPARED 6Y THE 
RNI¥.iDROJ JOB AND SEARCHES J T  . .TO F I ND CRITICAL 
LDCATillNS. THE SELECTION oF THESE L!lCATIUNS I S  
OETERWJNEO BV THE UNE-CAIIO CARD F I L E ,  THIS CARD 
G I VES THE LENGTH oF A SECTION To Bf INVESTIGATFD 
AND THE NUiolt!ER oF ACCI DENTS NECESSARY TO E :< H I B I T  
A CRITICAL LUCATION• (CIIDINO INSTilUCTJ <lNS F{)R 
THIS CMW IS GIVEN IN THE DATA ENTRY SECTION· BE­
LO'I'I I .  WHEN A HIGH ACCIOEN"T LOCATION IS FOUND, 
AN E S T I MATED PROPERTY DA\IAGE ONLY I EPDUl VALUE 
Fo� THAT UICATION AS WEll. AS THE COUNTY, ROUTE, 
BEG I N N I NG AND ENDING M ILEPOSTS� NUMBER OF LANFS 
AND NUMliER oF ACCIDENTS FoR THAT LOCAT ION Af<E 
OUTPUT TO A TE I!I>ORARt WOilKSI'ACF, THIS WORKSI'ACF 
IS TH�N IN TURN UTILIZED 8Y THE SECoND STEP oF 
THIS Jlltlo 
DATA ENTRY ! NSTRUCTIONSI THE ONL¥ UATA ENTRIES 
NECESS ARY AilE FoR CoO I NG THE UNE-CARO CA�O f i L E ,  
CALLFO Trlli L ! III T  CARD IN TME IJROGRAJ4. THE LENGTH 
OF HIGHI'IA Y TO BE CHECkED CAN BE ANY NUMI:II:fl FROM 
Q . l  !tiLES To .W.9 MILES. HO!IEVER, TrlE IJECLMAL 
P o i N T  IS l"'PL!EU AND Sri!IULD NoT BE PtHS ICA LLt 
CoOEU oN THE CAH!h TrtEHH·o�e:. A SECTION Ol- 0 . 1  
MILliS IIOULD B E  to(JF.O A S  001 AND A SECTION Of' 
99. 9  I>OULlJ tiE coui:O AS 999. THE NUMBER 01- ACCID­
ENTS f- I !::LO CAN CONTA I N  �NY INTI:GER VALUE FJ.lUM 
I ro 99\1 AND 5HOULU BE RIGHI S H I I"TEU IIHEN CULlED. 
NAME 
SECTION LE NVTH 
Clll T !CAL NUM!>EJ.I 
llPE RA Tl ONS • NONE • 
COBOL P ICTURE 
909 
CARU CoLUMNS 











0000 7 2  
000013 
000074 
0000 1 5  
OOOCriO 























0 00 1 00  






0 00 1 0 / *  
0001 ()';!11 
000109* 
OUO I IO* 
000 I l l *  






NIJMjjEJ.l 01"' LANES 
ACC!LlENT SEVE�IH 
000 1 1 211 
000 1 1 3* 
000 1 1 4 11  
000 l l 'l *  
000! I I>* 
000 1 1 7 * 
000 1 1 13* 
000 1 1 9'111 
0001201l' 




VAfi !AbLf LIST HHI t�ORKlNG SToRAIJE SECTioN 
{ Ll:ltf:L 17 !T[:MS I 
0001 <:5,. 
0001..!6* 




000 1 3 1 *  
000 I 32* 
0001 33,. 
000 I 34* 
000 1 35• 
000136• 
000137* 
000 L IEI* 
000139* 
000 1 40* 
000 1 4 1 11  
00014.111 
000 ! 4 3 ,.  
000!4411 
000145• 









000 1 4!>11 !'IJO�)(TR 
00014·� 
0001?0* 
0 00 1 5 1 *  
000 1 52* 
000 1 53* MP-L IM IT 













000167* I'IS-CR JTNo 
000168* 
000169* 
000 1 10* 
000 1 7 1 11  1'15-EPDo 
0001/2• 
000 1 / J"It 
000 1 7 4  EJECT 
0 00 1 7 5  ENV! RONMI::NT Ollt i 5 I ON .  
000176 CONfiGURATION SECTIOI-4. 
0001 7 7  SOURCE-coMPUTER. li.li4-J70. 
0 00 1 / 8  OElJF.CT-colillUTER. J BM-370. 
000179 INPUT-{JUT!lUT SECTioN. 
000180 F i LE-c!JNTRuL . 
COUNTER FOR INCAPACIT­
ATING ACCHlENTS 
THE NU-"BE R of ACCIDENTS 
(lCCUR lNG AT A l.llCAriON. 
COUNTER FoR NuN�l NCAP­
ACITATING ACCIUENTS 
COUNTER FOR f'llSS JBLE 
INJURY ACCI DENTS 
THE SECTioN LENGni oF 
H I GHWAl' TO 8E I NVEST� 
!GATED, FoR DISPLAY 
PUIIPOSES . 
CoUNTER I'UR 1-'ATAL AC � 
C I DENTS 
USED AS A SUBSCRIPT 
THE SECT ioN LENGTH Of 
HIGHWAY T U  BE INVEST� 
! GATED, FnR USE BY fHE 
PROGRAM. 
COUNTI::R f'OR PllOI'ER1Y 
DAiiAGE llNLY ACCI DCNTS, 
l'IH!CH IN!.:LUDf:S THOSE 
NOT STATED. 
THIS IS fHE Hl(rt loi ! LE­
I'OST L l loi i T  ]'jHICH I S  
CUWPUTED b1 AOOING A 
CONSTANT, IN THIS CA SE 
0. 2 To THE ii ! LEFOST. 
LEAST NUMaER oF LANES 
STIIRED COUNTY CODE' 
STOKCD -" ILEPDST 
STORED ROUTE. 
NUMBER oF ACCJUENTS 
NECESSAIU f'UR A C R I T ­
ICAL A{..'C IDENT. 
ESTl MATED PROPERTY UU­
AGE ONLY 
0 00 1 8 1  SELECT CARD-F fLE ASSIOK ·ro 
000182 SELECT ACC I-F I LE ASSIGN TO 
000183 SELECT HAll-FILE ASSIGN To 
Ut-s�SYSIN. 
UT-JJJOV-S-01 S K I N .  
UT-S'r"SDA-5-UISKOUT. 
000184 EJECT 
000185 DATA D I V I S ioN:· 
000186 F i L E  SECTIUN. 
SKII'2 
CAifD-f'ILE 
LABEL RECORDS ARE OMI TIED 
RECORD CONTA I NS ao CHARACTERS 
UATA RECORD IS L I M I T-cARD. 
THIS I S  THJ; FoRMAT Foil THE INPUT DATA CARO FILE. 
L I M IT-cARD. 
02 LC-SECLTH 
02 F I LLER 
02 LC-cR I TNO 
02 F !  Ll.E;? 
LC-X REDEFINES 
S K I P 2  
ACC I - F I LE 
P I C  
P I C  
P I C  
P I C  
L I II IT-CARD P I C  
tiLOCK CONTA INS 86/:l liECORUS 
f<ECOHO CoNTA INS IS CHARACTERS 
LABEL �ECORLlS A�E STANUAJ.lU 
DATA RECoJ.lD IS T!'-J.lECOJ.lD. 
99V9. 
x .  
999. 
XUJ l • 
H BO I .  
000 l 67 
0001 88 FD 
00018-9 
DOOI<oiD 



















0002 1 0* 
0002 1 1  0 1  
0002 1 2  
0002 1 J 
1)002 1 4  
000215 
0002 1 6  
0002 1 J 
0002 1 8 *  
F I LE LAYOUT FoR DATA S E T  TT . N85f"l' PKODUCED B Y  PROGflAII 
llN85DiWJ USED AS INPIJ7 To THIS PROGRAM. 
TP-RECoRD, 
02 CC P I C  
0 2  R T  P I C 
02 lolll P I C  
0 2  N L  PIC 
02 AS P I C  
S U P  .I 
909. 
X I  ':> I .  
QQ9V9. 
w .  
9 .  
HAZARDoUS LoCAT ION FILE 
53 
fD H�ZL-1- Il.E 
L�f!El. RECORDS Af.IE STANDARD RECoRD CoNTA INS 50 CHMIACTERS 
EILOCK C(JNTAINS 1 00  RECtHWS 
DATA RECORD IS LtJ:ATitlN•RECoRQS, 
0 !  LOCATioN-RECORDS P I C  
SKIP2 
j<jOf<KI NO,.STURAOE SECT!Oh. 
71 A-KTf< PIC 9 ( 2 1 , 
71 ACC-1\TR P I C  91 5 1 ,  
11 !:I•Hf< P I C  <,J ( 2 1 , 
77 C-KT£.1 P I C  9 f 2 l ,  
1 7  UP-�!::Cl.TH P I C  99 .  9, 
11 f'-KTR P I C  9 L. O ,  
7 7  J P I C  9Q, VALUE ZEROES. 
71 l.INE..CT P I C  9 1 2 1 ,  
7 7  PDO-HR P I C  9 (  J I ,  
7 1  .�P-L l M I T  P I C  999V9?9, 
77 �P-SECLTH P I C  99V9, 
77 NLL PIC 99, V�LUE ZEROES. 
77 NLOC P I C  99, VALUE ZERilES. 
71 'i�VF-CC P I C  9 1 J ) ,  
7 7  S�VE-"'P P I C  999V999, 
77 S�VE-I?T P I C  X f 5 1 ,  
7 7  ws-cR!TNo P"'c 9C J I ,  
7 1  l'iS-EI'DCJ P I C  9999V9Q, 
















02 NLO PIC 99, oCCURS 0 ThiES. 













































000248'* 1-ILE LAYOUT FoR DATA SET MN850.2 P�WOUCEO A"O OUTPUT 
00024'>'* 
0002�0* 
000.2 !) 1 *  
000.1:>2• 
FHOM THIS PROGRAM liMO J'j f U  LATER �E 
PROGRAM f<NI:l50R05 TO l:lE IIA TCHEU l'j I TH 
To AC(JUJHI: TRAfi-IC VOLUMES. 
USED AS INPUT foR 
II A.l NTHIANCE TAPE OAIA 
0002?3 0 1  IIS-L!lCA-RECm/OS , 
0002�4 02 LR�n 
00025? 02 f I LLER 
OOOZSb 02 U.HlllUTE 
000257 02 F I U..En .ooo.t�l:l 02 LR-I:lltiP 
0002')9 02 F I LLI:.i� 
OOOJ60 02 LR-EMP 
00020 I 0.2 f I tl.ER 
000202 02 LR-NACC 
00026J 02 F I tl.ER 
000.!04 02 LR•NL 
000.205 02 F I tl.ER 
000200 02 LR-EPDU 
000201 02 F I U.EII 
000208 EJECT 
000269 PRnCEOU;iE D IV ISioN. 
000<!70 rlOUSEKFEPI/IG SECTION, 
OOC271 oPEN I NPUT CARD-F flF., 
000212 UUTPUT HAlL-F ILE. 
000273 PERFOR¥ SET-LIMITS. 
000214• 
000275 IIA!NLINE SECTION, 
P I C  
P I C  
P I C  
P I C  
P < C  
P I C  
P I C  
P I C  
P I C  
P IC 
P I C  
PJ<.: 
PIC 
P I C  
ACCI-FILE, 
000276 PE;li-ORII READ-HTI THRU As-I NC-liT. 
0002.77 P!!nFof./11 READ-tiT2. 
000216 EJECT 
00021�· 
OOOll:lO llEALI-RT ! .  
0002dl READ ACCI•FILE A T  E:NO GO Ttl CoJ. 
000262* 
OOOJI:lJ SA'IE-VAI<IAt:ILt:•RT, 
P ( J J '  VALUE ZEIWES. 
X '  VALUE SPACE, 
H � l ,  VALUE SPACES. 
X '  VAl..Uf:. SPACE. 
999¥'999, VALUE ZEROES. 
X • Y'ALUE SP�CE. 
9Q9V9990 VALUE ZERoes. 
X • VALUE SPACE, 
9 ( � ) .  VALUE ZEROES. 
X '  VALUE SPACt:, 
. ,. , 'I ALOE ZERoes • 
X '  VALUE SPACt. 
9Q99Y99, VALUE ZERoes. 
Xf 1 1  l ,  VALUE SPACES. 
000284 PERFOAII CLEAif-AAIIAY-HT THRU E X IT-2 VARYING J FRoM I If( I 
OOOll:l':l UNTIL J > 6. 
00021:10 IIOVE I<T To SAVE:-t!T. 
0002d7 MOVE CC TO SA'<'E-CC. 
00021:lB ltOVE liP To SAVE-ItiP. 














IF Nl > 
II' NL 
0 AND NL < 7 ,  MoVE NL TO J ,  








I ,  AW I TO F-KTR, 
,. 2, AOO I To A-l(TR. 
" 3, AW I TO B-HR. 
,. 4, �00 I TO C-KTil. 
., 0 oR A S  > 4, AUU l To I'LXl-KTR. 
000]0 I READ-RT2, 
OOOJ02 HEAD ACCJ•FILE AT END GO TO EOJ. 
000303 If' RT NoT ., SA VE-RT 
OOOJ04 OR ,�tp < SAVE�MP OR �p > /liP-L I M I T ,  
000305 GO TO COI@AJ:IE-ACC-KTR-AT, 
000306 ELSE GO To A S - J NC-IH. 
OOOJOh 
000308 COiiP�RE-ACC�HR-RT, 
000309 Jf ACC-KTR J S  < "S�RITNO, GO TU CLEAR-VAR!Atli.E-RT. 
OOOJ 1 0  EJECT 
OOOJ I I  CALC-EPOU-RT. 
0003 1 2  CoMI'UTE NLL • ! , 
OOOJ I J IIO'IE Nl.o ( I l TO NLOC, 
0003 1 4  PE.qfoR/11 CHECK-RT TMflU EXIT-! VARYING J FROM 2 I:!Y l 
0003 1 5  UNTIL J > 6. 
QOOJI6 COMI'UfE l'IS-FPOO • 9.� * f A-KTR + f-t;TR J 
000 3 ! 7  + J . 5  * I 1:1-KTR t- C-KTR l • POO-KTR, 
OOOJJS MOVE SPACES TO LtJCATioN-RECOP.US . 
OOOJ I Q M!IVE SAVE-CC TO LR-CO, 
000]20 IIO'<'E SAVE-I<T TO LR-ROUTE. 
000]21 110'11' SAVE-.IJP TO LR-IlliiP .  
000322 JWVE MP-LUtl I TO LR-EIIP. 
OOOJ2J ltWVE �CC-KTR TO LR-NACC, 
000)24 .liiOVE riS-EPOO TO LR-EPOO. 
OOOJ25 MoVE NU.. To UI-NL. 
OOOJ26 jljJ:iJTE l..OCAII ON-IIECOR!JS fRUM riS-LJJCA-RECOROS. 
000327 EJECT 
000328 CLEAR-'IA>I! AI:ILE-RT· 
000329 IIIOVE ZEIIoES Tll ACC-KT:i, A-KTR, B-KTR, C.;,I:Tii, F-KTII, 
0003JO PUt�ri:fll, 11S-EI>LXJ. 
OOOJJI Gn TO SAVE-VAIIIAEIL.E-RI. 
OOOJJ2• 
OOOJJJ C�ECK-Rf. 
000334 If NLO I J I  c NLDC W� NLO ( J J  • liLJ:lC, GO TO E X I T- I .  
000335 COIIIPUTE NLOC a NLO (. J l ,  
OOOJJ6 CoMPUTE Nl..L " J ,  
OOOJJ 7w 
OOOJJij EXIT-I . 
OOOJJQ EX IT. 
000.}.40• 
0003 4 1  CLEAR-ARRAY�IH. 
000342 ltOVE ZEROES TO NLo lJ l .  
00034J• 
00034<4 EXIT•2• 
OOOJ45 E X I T .  
OOOJ.«>• 
000347 SET-L I W I TS .  
OOOJ.48 ilEAlJ CAt!ll-FILE AT EhU GO To EOJ. 
OOOJ4<,1 J:::XAIII I/IE LC-X !<EPLAC.:ING ALL ' i:H 10<'. 
OOOJ!:iO COMPUTE MP-SECLTH " LC-SECLTH - . J ,  
OOOJ�I 110'10: LC-CRJTNO TO �5-CidTNo. 
000352 MUYE LC-SECLTH m lJP-SECLTH. 
00035J UISPLAY NUIIIbEII 01' ACCIDENTS TO ti.E C R I T ICAL "' 1 I'IS�RITNUo 
0003'>4 lJISPLA'f. ' SECT ION LENGTH- CON�IOEWE!J ,. " UP-SECLTH', 
000355• 
000]56 EOJ. 
000351 CLOSE ACCI-FJLE, CARD-F I L E ,  
000356 HAZL-F ILE. 
OOOJ5Q STOP RUN, 
Appendix F. 
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Figure F1. Critical Accident Rates for Urban, Two-Lane Highway Sections {One-Year Data) {P=99.5). 






Figure F2. Critical Accident Rates for Urban, Four�Lane, Divided (No Access Control) Highway Sections 
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Figure F3. Critical Accident Rates for Urban, Four-Lane, Undivided Highway Sections (One-Year Data)(P=99.5). 
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Figure F4. Critical Accident Rates for Urban, I nterstate Highway Sections (One-Year Data) (P=99.5). 
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Kentucky's Traffic Conflict Procedure 
DATA COLLECTION PROCEDURE 
A traffic conflicts survey is the systematic 
surveillance of major intersection approach legs. An 
intersection approach leg is any one of the roadways 
converging and intersecting. At most intersections, 
conflict data should be collected on the two major 
approach legs. Where two major arterials intersect, data 
should be collected on all four legs. At T·intersections, 
the third leg is usually excluded from data collection. 
The survey team consists of from one to three 
trained observers. Volume counts should be made with 
traffic counters for all movements of all approaches 
separately at a location near the intersection. It may 
sometimes be necessary to collect volume data for the 
same periods on another day. Conflict data should be 
collected by two observers, each positioned on a major 
approach about 100 to 300 feet (30 to 90 m) back 
from the intersection so vehicle brakelights can be seen. 
Observers may sit in state-owned vehicles parked on the 
road shoulder facing traffic or sit in chairs at urban 
intersections where sidewalks exist. 
Data should normally be collected on a Tuesday, 
Wednesday, or Thursday for two or three hours when 
traffic is at or near peak volumes. For a two-hour count, 
data should normally be collected during the morning 
(7:30 to 8:30 a.m.) and the afternoon (4:30 to S:30 
p.m.) rush hours. If more data can be collected, other 
times may include noontime rush ( 1 1 :30 a.m. to 1 2 : 30 
p.m.) or other afternoon periods (3:30 to 4:30 p.m.). 
At intersections near shopping centers, data should be 
collected for periods near the closing time. In situations 
where weekend volumes are critical, data should be 
collected on those days. In some Kentucky cities, 
volume· data is available for each hour of the day for 
major intersections. These data should be used to select 
peak volume times for collection of conflict data. 
Conflict data should be collected in I S-minute 
periods and recorded on the data forms for signalized 
intersections (Figure G I) and nonsignalized intersections 
(Figure G2). Volume data should be recorded every I S  
minutes o n  the volume data sheet:·No breaks need to 
be taken; data are usually collected for only one or 
possibly two hours at a time. Conflict data should 
be collected on both approaches simultaneously, if 
possible. However, conflict counts on the major 
approach only may be made if another observer is not 
available. 
The major weave and conflict types, which are 
listed on the data sheets for signalized intersections, are 
given below. 
Weave 
A weave vehicle is a situation in which a vehicle 
changes lanes as it approaches or passes through the 
intersection. A vehicle which momentarily leaves its lane 
·· that is,. moves to another lane and returns Immediately 
to its original lane .. should be counted as a weave if 
at least half of the vehicle penetrated the second lane. 
Count only one weave per vehicle. The cause for 
repeated weave patterns should be noted on the data 
sheet. A "weaved-for-left-turn" occurs when an 
approaching vehicle weaves into the right lane to avoid 
having to stop for a left-turning vehicle. A 
11weave-other11 occurs when an approaching vehicle 
weaves for any other reason. 
Weave Conflict 
A weave-type conflict is defmed as a situation in 
which a vehicle changes lanes into the path of another 
vehicle, causing the offended vehicle to brake or weave 
to avoid a collision. The fact that the weave conflict 
has occurred is evidenced by a brake-light indication or 
lane change by the offended vehicle. 
In a weave conflict, Figure G 3 ,  Vehicle 1 weaves 
and changes lanes, causing Vehicle 2 to brake. As the 
conflict is viewed from the rear, a brake-light indication 
can be observed on Vehicle 2. The categories for 
left-turn result from a weave due to a left-turning vehicle 
as described previously. 
Opposing Left-Tum Conflict 
This occurs when a left-turning vehicle crosses 
directly in front of a through vehicle and causes it to 
brake or swerve. This conflict is viewed on the approach 
where the brake lights can be observed (Figure G4). 
Ran-Red-Light 
This is a situation where a vehicle enters the 
intersection and crosses the curb-line or stop-bar on a 
red signal. Vehicles which entered the intersection 
legally and complete their movement after the signal 
changes are not considered violators. The left-turning 
vehicles which ran a red light have been separated from 
the others (through and right-turners). 
Stopped Abruptly 
This conflict type occurs when a vehicle makes an 
unusually quick deceleration during the yellow phase of 
the signal or cycle or shortly after the red phase appears. 
Usually, a noticeable dipping of the front end of the 
vehicle occurs and(or) the screeching of tires is heard 




LOCATION ______ _ DIRECTION ____ _ DATE _____ _ 
---=--
WEAVE l WEAVES CONFUCTS ,1 RUN RED UGHT 
AROUND AROUND OI'I'OSING 
STARTING LEFT LEFT LEFT TURNING STRAIGHT 
TIME TURNER OTHER TllRNER OTHER TURN LEFT OR RiGHT 
� L � � . � .. . --
; Routine; * ;  Moderate;®; Severe 
Figure G1 .  Conflict Data Sheet: Signalized Intersections. 
c1 l £ SLOW SLOW TRAFFIC 
COR FOR PREVIOUS OTHER liACKllf' SLOW· 
ABRUPT RIGHT LEFT I.EFT PREVIOUS OR CON· MOVING PEDESTRIAN 
STOP TURN TURN TORN CONI'LICT GESTION VEHlCLE CONFUCT 
"' 
ln 




"0""" I LEFT TURNER OTHER 
..=--
Wf.AVE 
CONfLICTS "'"'" I ""' TURNER OTilER 
;;; Routine; * =  Moderate ;®= Severe 
TIIROUGI\ l CROSS TRAFFIC 
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Figure G2. Conflict Data Sheet: Unsignalized I ntersections. 
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Figure G3. Weave Conflict. 
There are a number of special events which are not 
listed on the conflict data sheets. These include 6 weave 
types, 1 3  contlict types, and 26 types of erratic 
maneuvers; these are given in Table G I .  Observers should 
be familiar with these categories of events and should 
carry a copy of this listing during all contlict surveys. 
Whenever one of these special events is observed, the 
letter corresponding to the event should be marked 
under one of the blank columns on the conflict data 
sheet. If one special event is observed with some 


















Figure G4. Opposing-Left-Turn Conflict. 
Table G 1 .  Other Traffic Events. 
WEAVES 
A Weave for stopped truck 
B Weave for stalled vehicle 
C Weave for stopped bus 
D Weave for road maintenance or construction 
E Weave to avoid pedestrian 
F Weave into turn lane and back into major traffic flow 
CONFLICTS 
G Conflict due to erratic maneuver 
H Slow for turn out of driveway or shopping entrance 
Slow for turn into driveway or shopping entrance 
J Driveway cross traffic from left 
K Driveway cross traffic from right 
L Slow for stopped bus 
M Slow for road maintenance or construction 
N Slow for stopped truck 
0 Weave pedestrian conflict 
P Previous conflict due to pedestrian (following car) 
Q Right turn on red without stop 
R Left-lane vehicle slow for right turner 
S Slow or stop for stalled vehicle 
ERRATIC MANEUVERS 
T Left turn from wrong lane 
U Right turn from wrong lane 
V U-turn in road 
W Use of shoulder for turns 
X Right-turner hitting curb 
Y Vehicles overrunning stop bar and backing up 
Z Vehicle backing from driveway across traffic lanes 
AA Turn into wrong lane (opposing lane) 
BB Stop in median 
CC Run off road 
DD Right-turn-on-red without stopping 
EE Late-entry right turn (or non-use of turn lane) 
FF Late-entry left turn (or non-use of turn lane) 
GG Vehicle unexpectedly stopped in road 
HH Vehicle swerve across traffic lanes 
II Vehicle backing in road 
JJ Turn into turn lane and back into traffic flow 
KK Vehicle on wrong side of road 
LL Wide turn (encroaching into adjacent lane) 
MM Multiple vehicle erratic maneuver 
NN Multiple bicycle erratic maneuver 
00 Bicycle on wrong side of road 
PP Bicycle riding in median 
QQ Illegal pedestrian crossings 
Slowed-for-Right-Turn 
The slowed-for-right-turn conflict is a situation in 
which a vehicle slows and turns from a traffic lane used 
by through traffic while being followed by a through 
vehicle. As Vehicles I and 2 approach the intersection 
as a pair, Vehicle 1 slows to turn right from a lane used 
by through traffic; through Vehicle 2 brakes to avoid 
Vehicle 1 -- the criterion of the conflict (Figure GS). 
Slowed-for-Left-Turn 
A slowed-for-left-turn conflict occurs when a 
leading vehicle, followed closely by a second vehicle, 
approach an intersection in a lane shared by through 
and left-turn vehicles. The first slows or stops to turn 
left; and the second, a through vehicle, brakes to avoid 
the slowing, turning vehicle. 
Previous-Left-Tum Conflict 
This type of conflict only occurs after a 
slowed-for-left-turn conflict. The first vehicle which 
slows or stops behind a left-turning vehicle is counted 
as a slowed-for-left-turn conflict, as stated above. If one 
or more other vehicles must also slow or stop for the 
same left-turner, then one previous-left-turn conflict is 
counted, regardless of the number of slowing vehicles. 
For any conflict count period, the number of 
slowed-for-left-turn conflicts must equal or exceed the 
number of previous-left-turn conflicts. 
Other Previous Conflicts 
Other previous conflicts occur when one or more 
vehicles break to avoid collision shortly after another 
conflict . .  An example of another previous conflict is 
shown in Figure .G6 when Vehicle 2 slows to avoid 
Vehicle I which was involved in an opposing-left-turn 
conflict. 
1 &-_ _ _  _ I I 
I I 
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Figure G5. Slowed-for-Right-Turn Conflict. 
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Figure G6. Previous Traffic Conflict. 
Traffic-Backup or Congestion Conflict 
This occurs when a vehicle approaches an 
intersection on a green light and must slow or stop due 
to other vehicles backed up. Another cause of this 
conflict is where vehicles on the side street block the 
intersection, causing vehicles on the observed approach 
to brake. One conflict is counted per lane during the 
green phase for each event, regardless of the number 
of vehicles which brake. One exception is where two 
separate groups of vehicles (separated by a long gap) 
pass the intersection during the same gre«n signal phase 
and when backup conflicts occur during each 
(independently of the other). No conflicts are counted 
for vehicles slowing or stopping during the yellow or 
red lights. 
Slow-Moving-Vehicle Conflict 
A slow-moving-vehicle conflict occurs when a 
vehicle slows or stops in a through lane on the green 
light and causes a following vehicle to brake (Figure G7). 
Pedestrian Conflict 
This occurs when a single vehicle slows to avoid 
a pedestrian crossing the street. 
Of the_ weave and conflict categories defined for 
signalized intersections, most of them also apply to 
nonsignalized intersections. However, there are several 
categories which apply only to nonsignalized 
. intersections. 
Through-Cross-Traffic 
The through-cross-traffic conflict occurs when a 
through, side-street vehicle crosses the path of a through, 
67 
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Figure G7. Slow-Moving-Vehicle Conflict. 
right-of-way vehicle, causing the right-of-way vehicle to 
brake. Conflicts are initiated by cross-road vehicles 
approaching from the right (Figure G8) or left. 
Left-Turn-Cross-Traffic 
A left-turn-cross-traffic conflict occurs when a side 
street vehicle turns left across the path of the through, 
right-of-way vehicle, causing the right-of-way vehicle to 
brake. Conflicts are initiated by side-street vehicles 
turning left from the left or right. 
Right-Tum-Cross-Traffic 
A right-turn-cross-traffic conflict occurs when a 
side-street vehicle, approaching from the right, turns 
right into the path of a through, right-of-way vehicle 
and causes the right-of-way vehicle to brake. This type 









Figure G8. Through-Cross-Traffic Conflict from Right. 
but it is not included as a major category on the 
signalized intersection data sheet because they occur so 
infrequently at such locations. 
All conflicts should be designated by the observer 
as either routine, moderate, or severe. A routine conflict 
is usually characterized by normal brakelights where 
there is no real danger of collision. A large majority 
of conflicts at most intersections are routine. Moderate 
conflicts involve quick decelerations and situations 
where some urgency was noted ·in a driver's reaction 
(all abrupt stops are moderate conflicts). A severe 
conflict (near-miss accident) is where a collision is barely 
avoided due to a last-second movement or stop. Symbols 
used for recofding routine, moderate, and severe 
conflicts are noted on the data sheets. 
o­
"' 
INTERSECTION CONFLICT DATA SHEET 
LOCATION ____________________________________________________ -c--------------------------------------- DATE ------------------------------------
APPROACH 
":1. :f STARTING TRAFFIC 00 00 
T I M E  BACKUP OPPOSING SLOW FOR 
OR CON- L E F T  RIGHT 
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Right turn cross traffic, from l e ft 
Bicycle 
Opposing right-turn-on-red 





@ 8,...----. WEAVE CONFLICT 
SLOW fOR AROUND L E F T  L E F T  OTHER TURN TURNER 
SINGLE VEHICLE 
J - Ran red light {LT) 
K - Ran red light (ST-RT) 
L - RTOR-LTOR did not stop 
M - Abrupt stop 
OBSER V E R  
T H R O U G H  L E F T  T U R N  
C R O S S  T R A F F I C  CROSS T R A F F I C  
_ _._ _.__ � ... 'T SLOW = 00 00 = 
MOVING L E F T  TO R IGHT TO F R O U  F R O M  
VEHICLE RIGHT L E FT L E F T  RIGHT 
- - ------
c - Conflict SC - Secondary Conflict 
SEVERITY 
1- Routine +- Moderate "-Severe 
ADJACENT DRIVEWAY 
N - Entering 
0 - Exiting 
Rc:ar end, vehicle backing 
Of.>toOSl te both straight 
Left turn from wrong lane 
Right turn from wrong lane 
Other (Explain) COMMENTS 
--------------------------------------------------




CROSS PEDESTRIAN OTHER 





















SUGGESTED CORRECTIONS FOR HAZARDOUS LOCATIONS 
7 1  

B ased o n  e i g h t  s p e c i f i c  typ e s  o f  a c c i d e n t s , t h e  
f o l l ow i n g ! i s t i n g w a s  d e v e l o p e d  f o r  s u g g e s t e d  c o r r e c t i o n s  
f o r  h a z a r d o u s  l o c a t i o n s  < 1 4 ) .  T h i s  I i s t i n g i s  a g u i d e f o r  
u s e  b y  t r a f f i c  e n g i n e e r s  to he l p  se l e c t  i m p roveme n ts t h a t  
w i  I I  reduce spe c i f i c  a c c i d e n t  typ e s . 
R i g h t - A n g l e  a n d  R e a r- En d C o l i i s  i o n s  a t  I n ters e c t i o n s  
1 .  Remova l o f  v i ew o b s t r uc t i o n s ,  s u c h  a s  f o l i a g e ,  
b u s he s ,  b i  ! ! b o a rd s ,  o r  p a r k i n g a t  c u r b . 
2 .  I n s ta l J a t i o n o f  w a r n i n g  s i g n s ,  i f  s p e e d s  a r e  h i g h  
a n d  t h e  e l em e n t  o f  s u rp r i se i s  p re s e n t .  
3 .  I n s t a l l a t i o n o f  s t o p  s i g n s ,  i f  v i ew i s  o b s t ru c te d  t o  
s u c h  a n  extent t h a t  s a fe a p p r o a c h  s p e e d  i s  3 m i l e s  
p e r  h o u r  ( 3 . 6  m/s )  o r  l es s ,  i f  o n e  s t re e t  i s  a n  
a p p r o a c h  stree t ,  o r  i f  n o  o t h e r  reme d y  r e d u c e s  
acc i d e n t  f re q ue n c y .  
4 .  I n s t a l l at i o n o f  t r a f f i c  s i g n a l s  i f  m i n i mum wa r r a n t s  
;� re me t .  
5 .  Con t i n u i n g o p e r a t i on o f  t r a f f i c  s i g n a l s  d u r i n g 
cert a i n  ! i g h t - t r a f f i c  h o u r s  w h e n  s i g n a l s  a r e  
n o r ma l l y  o f f .  
6 .  P ro v i s i o n o f  p r o p e r  c l e a ra n c e  i n t e rv a l  i n  s i g n a l  
cyc l e .  
7 .  Re l o c a t i o n ,  re p a i r , o r  o t h e r  me a n s  o f  p r ov i d i n g 
better v i s i b i l i ty o f  s i g n s  o r  s i g n� J s .  
3 .  S e t t e r  street I i g h t i n g .  
9 .  P r ov i s i o n  o f  p e d e s t r i a n c rosswa l k  m a r k i n g s  a n d ( o r )  
p e d e s t r i a n b a r r i e rs . 
1 0 .  Rerout i n g o f  t h r o u g h  t r a f f i c  o n t o  s p ec i a l l y  
des i g n a t e d  a n d  p rotected t h r o u g h  s t r e e ts . 
1 1 .  Crea t i o n o f  o ne-way s t reets . 
1 2 .  P r o v i s i on o f  t r q f f i c  s i g n a l  system t i me f o r  
p r o g re s s i ve moveme n t .  
1 3 .  S pe e d  z o n i n g t o  s a f e  a p p r o a c h  s p e e d . 
H e a d - O n , l e f t - T u r n  C o l l i s i o n s  a t  I n te r se c t i on s  
l .  P r ov i s i o n o f  t u r n i n g g u i d e l i n e s .  
2 .  P r o h i b i t i on o f  l e f t  t u r n s  ( p rov i d e d  s u c h  moveme n t  i s  
o f  1 i t t l e  i mp o r t a n ce ) . 
3 .  P r o v i s i on o f  c h a n n e l i z i n g i s l a n d s . 
4 .  P r o v i s i on o f  p rotected t u r n i n g i n t e r v a l ,  v i a  t r a f f i c  
s i g n a l  c o n t ro l .  
5 .  I n sta l l a t i o n o f  S T O P  s i g n s  ( p rov i d e d  n o  o t h e r  reme d y  
w o r k s ) .  
6 .  E l i m i n a t i o n o f  v i e w  o b s t r u c t i o n s .  
7 .  Crea t i o n o f  o n e-way stree t s . 
8 .  Rout i n g o f  t u r n i n g t r a f f i c  ii a a n  a l te r n a te r o u t e  
< w i t h  p r o p e r  s i g n s )  to e l i m i n ate l e f t  t u rn s .  
P e d e s t r i a n - V e h i cu l a r C o l i  i s  i on s  at I n te rsect i o n s  
l .  I n s ta l I a t  i o n o f  p e d e s t r i a n c ro s swa l k  I i n e s .  
2 .  Erec t i o n o f  p e d e s t r i an b a r r i e rs . 
3 .  I n sta l I a t  i o n o f  t r a f f i c  s i g n a l s .  
4 .  P r ov i s i on o f  p e d e s t r i a n refuge i s l a n d s .  
5 .  P r o h i b i t i o n o f  c u r b  p a r k i n g .  
6 .  P r ov i s i o n o f  a d e quate s treet I i g h t i n g .  
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7 .  Cre a t i on o f  o n e-way s t ree t s . 
8 .  Rerout i n g o f  t h � o u g h  t r a f f i c  to s p e c i a l l y  d e s i g n at e d  
a n d  p r o t e c t e d  t h r o u g h  s tree t s . 
9 .  A d d i t i on o f  p e d e s t r i a n i n d i c a t i o n s  a n d  p e d e s t r i an 
a c t ua t i on fe atures to ex i s t i n g  tra f f i c  s i g n a l s . ,  
S i d e sw i pe Co l l i s i on s  
1 .  I n s t a l l a t i on o f  p a i n t e d  p aveme n t  l an e  
2 .  I n sta l l a t i on o f  c h a n n e l i z i n g 
i n te r s e c t i o n s .  
1 i n e s .  
i s l a n d s  a t  
3 .  I n s t a l l � t i o n o f  a d v a n ce w a r n i n g s i g n s  t o  w a r n  
d r i ve r s  o f  p r o p e r  l an e  f o r  c e r t a i n  d e s t i n a t i o n s .  
4 .  S p e e d  zon i n g .  
5 .  P r o v i s i on o f  a c c e l e ra t i o n o r  d e ce l e r a t i o n l an e s  a t  
i n terse c t i o n s .  
6 .  W i de n i n g o f  p aveme n t .  
7 .  C reat i o n o f  o n e-way st ree ts . 
8 .  E l i m i n a t i o n o f  m a r g i n a l  o b st r u c t i o n s  c a u s e d  b y  
p a r ked v e h i c l e s o r  o t h e r  b o t t l e n e c k s .  
H e a d - O n  Co l 1 i s  i on s  
1 - S ame remed i e s a s  f o r  s i d e sw i pe c o i l i s i o n s .  
2 .  I n s t a l I a t  i o n 
o t h e r  p o i n t s  
o f  ''n o  p a s s i n g '' z o n e s  at c u rv e s  
w i t h res t r i c t e d  v i ew .  
3 .  I n s ta l l a t i on o f  c e n t e r  d i v i d i n g s t r i p .  
Veh i c l e s R u n n i n g  O f f  R o a d w a y  
l .  I n s t a l l a t i o n o f  p a vement cen t e r !  i n e .  
2 .  I n s ta l l a t i on o f  w a r n i n g re f l e ct o r s , 
3 .  
4 .  
5 .  
wh i te p o s t s  a t  c u r ve s .  
I n sta l I a t  i on o f  a d v a n ce w a r n i n g s i g n s .  
I n sta l l a t i on o f  r o a d s i de d e l i n e a t o r s . 
S peed zon i n g .  
S t reet I i g h t i n g .  
g u a r d r a  i I ,  
o r  
o r  
6 .  
7 .  S k i d p r o o f i n g  s l i pp e ry p a veme n t s ,  i mp r o v i n g s h o u l d e r  
ma i n te n an c e , a n d  p r om p t  i ce t r e a tm e n t  a n d  s n o w  
remova I . 
C o l l i s i o n w i t h F i xe d  O b j e c t s  
l .  A p p l i c a t i o n o f  p a i n t  a n d  re f l e c tors to f i xe d  o b je c t .  
2 .  Use o f  p a v e m e n t  g u i d e I i ne i  t o  g u i d e t r a f f i c  a r o u n d  
o b s t r u c t i on .  
3 .  S t re e t  I i g h t i n g .  
4 .  R e d u ct i o n o f  t h e  n u m b e r  o f  f i xed o b j e c t s .  
a .  P l a c e  n e c e s s a r y  s i g n s  i n  t h e  med i a n ,  b ac k - t o ­
b a c k  w h e r e ve r p o s s i b l e .  
b .  Remove u n n e c e s s a ry s i g n p o s t s  C c o n s o l  i d a te 
s i g n s ) . 
c .  Comb i n e s i g n s  a n d  I i g h t  p o l e s w h e r e  p o s s i b l e .  
d .  Ut i !  i ze ex i s t i n g s t r u c t u r 2 s  f o r  p o s t i n g s i g n s .  
e .  Use s i g n b r i d g e s  w h e r e  p o s s i b l e  r a t h e r  t h a n  g o re 
s i g n s .  
5 .  R e d u c t i o n o f  e x p o s u re to f i xe d  o b j e c t s . 
a .  P l a c e  s i g n s  a n d  I i g h t  p o l e s  o n  t h e  r i g h t  s i de o f  
p aveme n t s  r a t h e r  t h a n  i n  the med i a n o r  g o re 
a re a s ,  r e d u c i n g exposure t o  t o t a l t r a f f i c .  
b .  Use s i g n b r i d g e s  w h e re p o s s i b l e  r a t h e r  t h a n  g o re 
s i g n s .  
6 .  M i n i m i z i n g h a z a r d s  o f  f i xe d  o b je c t s . 
a .  P r o v i d e g u a r d r a i I i n  f r o n t  o f  f i xe d  o b j e c t s . 
b .  U s e  p r ows a n d  o t h e r  m e t h o d s  w h e r e v e r  g u a r d r a i l  
i s  n o t s u i t a b l e .  
c .  Use b re a kaway s i g n s u p p o r t s  a n d  I i g h t  p o l e s .  
Co l i  i s i o n s  w i t h P a r k e d  C a r s  
1 .  P a rk i n g p r o h i b i t i o n s .  
2 .  C h a n g e  f r om a n g l e  t o  p a ra l l e l  p a rk i n g .  
3 .  Rerou t i n g  o f  t h r o u g h  t r a f f i c  to l a s s  c o n g e s te d , 
spe c i a l l y p r o te c t e d  t h r o u g h  s t reets . 




DYNAMIC PROGRAMMING SOURCE DECK 
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MA I NOO I O  C 
M A I N0020 C 
MA ! N OOJO C 
MA I N 0040 C 
MA I N0050 C 
MA I N0060 C 
MA I N007 0 C 
MA I NOOBO C 
M A I N 0090 C 
'.lA I NO I 00 C 
M A I N O I 1 0  C 
MA I NO I 20 C 
MA I N O I J O C 
MA I NO J 7 0 C 
\lA ! NO 1 90 C 
MA I N0200 
MA I N0220 C 
MA I N02 3 0  
MA I N0240 
MA I N0250 
M A I N0260 
MA I N0300 
MA I N03 1 0  
\lA I N0320 
MA. I N0330 
MA I N0340 
MA ! N0350 
COS B OO I O  
COSll0020 
COS80030 C 
COS B 0040 C 




COSll O I' OO 
CoSBJ I I  0 
COSBO I 20 
COSBO 1 3 0 C 
COSBO I 40 C 
COSlJO 1 5 0  
COSllO I 0 0  
C:lS H 0 1 7 0 C 
COSBO I 80 
COS llO I YO 
COSi:l0200 
OATE • AUGUST 5 , 1 9 7 4  
P ROGRAMM E R •  TH I S  P ROGRAM >'j A S  W R I TTEN B Y .  J ESSE M A Y E S ,  D IV IS ioN oF 
RESEARCrl , O E P T .  oF TRANS . , CO MMONVi E ALTH oF KY . , 5 33 S .  L I MESTONE ST. , 
L E X I NGTON , KY . P A RTS O F  THE P R OGRA M , I NC LU D ! NG THE DYNA M I C  
P ROGRAMM I NG ALGOR I TH U M ,  HAVE B E E N  AOAPTED FRoM A PROGRAM W R I TTE N  BY 
THE STATE Or ALAb A M A  H I UH Vi A  Y O E PT . , BUREAU OF MA I NT . ,  I '11 3 .  S E E  
:.I EPORT " Co RR E CT •  COST/ I:J E NE: F I T  OPT I M I ZA T I ON F O R  TH E REDIJ.CT i o N  OF ROAD 
E N V I RONMENT C AU S E O  TRAGEO I ES " . 
P URPOSE I TH I S  P ROGRAM CALCULATES CoSTS ANO BENEF I TS FOR E A CH 
ALTERNAT I VE AT EACH LOCA T I ON THEN DETER M I N ES THE O P T I MAL S OL U T I ON 
S ET oF A LTE RNAT I V ES TO I:J E  I MP L E M E NTED FoR A G I V EN RANGE o F  BU DGETS . 
I N PUT A ND OUTPUT• SEE D I V I S I O N  oF R E S EA RCH REPORT• " O P T I MAL H I GH W A Y  
SAFETY I MP RO V E ME NTS BY DYNAM I C  P R OGR A MM I NG" . 
D I  M E NS !ON T I TL <  2 0 l  , XL OC (  90 , 1 O l  , N DEC 90 l , C C  9 0 ,  I I  l , 8 ! 9 0 ,  I I )  , LoC C 90 ) 
D I ME N S i o N  O R ETC 9 0 , 50 1 l , NOO C 90 , 50 1 )  
N I NP = 50 1 
NLOC = 90 
N I NP = NUMtJER OF I NC R E ME NTS--MAX I MUM BUDGET EQUALS N 1 N!'*X I NC 
NLOC = MAX I M U M  NUMBER oF LOC A T I ONS 
I NN = 1 3  
IoUTPR = 3 
I NN , ! OUTPR = LOCAL I NPUT AND OUTPUT DEV I C E  NUMBERS 
R E A D <  I NN ,  I OOO l T I TL 
I 000 FoRMATe 20A4 l 
WR I TE <  ! O U TP R , I O I O l  T I TL 
1 0 1 0  FORMAT C 20X , 20A4///// l 
R E A D <  I NN , 2000 l NSTG , B U OGET , P RTSTR , P RT I NC ,  ! OUTCI:l 
2000 FoRMA TC T I , 1 4 ,  T 1  I , 3F I 0 , 0 ,  T 4 1  , 1 .5 l 
I f' <  I OUTCB . N E . Q l  !OUTCB=B 
I F <  I OUTCtJ , E O . O l  I OUTCB= I OUTP R 
I = N I NP- 1 
I X = BUDGET/ I + . 5  
X I NC= I X  
K i =P RTSTR/ I X  + . 0 1 +  
K2=PRT I NC/ I X  + . 0 1  
CALL CoSBEN ( C , tl ,  XLOC , L O C ,  NDE , NSTG, NLOC , X I NC ,  I NN ,  I OUTCB , K I K l 
l r < K I K . EU . I  l GO To 1 0  
CALL DYNA M C  C ,  B ,  LOC , XLOC , NDE , NST G ,  X I NC ,  K I , K 2 , N I N P ,  NLOC , 
+ O R E T , NoO, I OU TP R l  
1 0  CONT I NU E  
CALL EX I T  
END 
S U BROUT I NE CoSBE N  < P WC , Pl'lB , XLOC,LOC , NDE , NSTG , NLOC , X I NC ,  I NN ,  I OUTPR , 
+ K ! K l  
TH I S  S UI:JROUTi tlE CALCULATES P RE S E N T  WO RTH COSTS .AND I:JENEF I TS 
ASSOC I A fED IHTH EACH ALTERNAT I VE AT EACH LOCAT I O N  
D I MENS JoN X LOC( NLoC , 5  l , S E V C 8 , 4 l  , CS E F (  1 0 ,  I I  l , B < B  l ,  
+ NDE < NLOC l , P WC! NLOC , I I ) , P ii l:l ( NLOC , I I l , LDC ( NLOC l 
REAO( I NN ,  1 000 ) CFAT , C I NJ , C POO , R ATE ! N , RATEGR 
1 000 FoRMAT C B F I O . O l  
W R I TE <  I O U TP R ,  f O I O l  CFAT , C I NJ , C PDO , RATE I N , R A TEGR 
1 0 1 0  FoRMA T < " NEG UT I L ITY FATA L I TY = ' , F 7 , 0 , '  I N J U R Y = ' , F6 . 0 , "  P R P  OM=" 
+ , F5 . 0/ '  I NT E � EST RATE = ' , F5 , 3/" E X PONENT I AL GROWTH RATE = ' , F5 . 3/ 
+//// ) 
THE ABoVE READS AND P R I NTS TH E BAS IC P Afi A M ETERS CONSTANT F O R  THE 
E N T H IE PROG iiA M 
N U 'A I:l Efl = I 
K I K  = o 
BELOW I S  THE I N PUT YIH I CH I S  E X ECUTED FOR EACH ACC I DE NT LOCA T I O N .  
1 0  ::IEAD< ! NN , I 0 20 l NO I , < X L DC < NUMtlf' R , I l , I = I·, I Ol , T I ME , N MO , NY R , NC A U  
1 020 Fofi�A T < I 4 , 1 0A 4 , 2 7X ,  l- 4 . 0 , ! 2 , 1 2 , 1 1 l  
LOC C NIJ MI:JEfl l  = NO ! 
79 
COS I:l02 1 0  
C OS 80 220 
cos I:J0;>3o 
COS I:l02 40 
COS B 0?50 
cos 80260 
COS B 0?7 0 
C O S i:l0280 
COSIJOJ I O  
COStlOJ 20 
COSbO 330 
COS B 0 3 4 0  
Cll5B0350 
COS b0360 C 
C O S I3 0 3 7 0  
CoS o0380 
COSb0400 






COS B 04 70 
C O S tl0480 
COS80490 C 
COSI:l0500 
COS HO':> I O  
! H N O I  l 2 0 , 1 80 , 2 0 
20 C O NT I N U E  
rifl ! T E C  ! OUTP fi , I 03 0 l  
1 030 FORMAT( I H I  l 
WR I T E <  ! O U TP R , I 04 0 l  
I 040 FOR MAr < '  R E F  NO' ) 
I F < NCAU . E ll .  l l  GO To 3 0  
V. R ! TE <  I OU TP R ,  I 0 50 l NO I ,  < X LOC < N U M i:lE !? , l l , ! = 1 , 5 ) , T I M E , N M O , NY R , NC A U  
I •)5 0  Fo !l�AT < 3 X , ! 4 , 8X , 5 A4 , // \IX , ' A CC ! DENT H ! S TOflY ' , F5 . 2 ,  
+ ' Y E A R S .  MONTH ' , I 2 , ' , Y f' A R  ·' , ! 2 , ' ,  ' , ! 1 , ' C A U S E .  ' l  
Go To 40 
30 � fl !TE < ! OU TP R ,  1 0 6 0 ) No I ,  C X LOC ( NlJMH E R ,  I l ,  ! = 1 , 5 )  , T I M E , NM O , NY R , NCAU 
1 06 0  FoRMAT< JX , ! 4 , H X  , 5A 4 , //9X , ' ACC I DENT H I S TOflY ' , F 4 . 2 ,  
+ ' YEARS . MONTH ' , ! 2 , ' , YE A R  "' , I 2 , ' ,  ' , I I , ' CA U S E . ' l  
40 CONT I NU E  
:j f.:COND C A R D  I NP UT f- O R  EACH CR I T I C A L  LOCAT I ON < S EV E R I T I ES > .  
R E  AJ ( I N N ,  I 0 10 l �W 2 ,  < ( � c V < I , J l , J =  I , 4 l , I =  I , NCA U l , A L  T 
1 0 70 F O R M A T (  l 4 , 1 X , I 5F 5 . 0 l  
NALT=ALT + . 5  
NDE < N U M i:l E fl l  = NALT 
ROUT ! NE To CHECK CARll S EQ U E NCE CODE . 
I F < NO I -N02 l ':> 0 , 6 0 , 5 0  
5 0  rHi ! TE ( ! OUTP R ,  I 080 l N O  I , N02 
1 080 FoRMAT < '  SEQU f' NC E/CO!JE N O .  f' RR O R .  CH ECK " , I 5 , '  A N ll-' , 1 5 ,  
+ "  **E X ECUT I O N fE R M ! NATF.fV J 
K l  K = I 
Go TO 1 90 
6 0  CoNT I NU E  
OUTPUT oF S E V E R I T I ES A Nll TOTAL S .  
W R I TE !  ! (JUTP R , I 090 l 
1 090 Fof?MAT C /  ' flOA ll >�AY N O .  NO . NO . '/ ,  
+ " C A U S E  K I LL E D  I NJ U CI E D  POO' l 




CoSB0560 Do 8 0  I =  I , NC A U  
COS IJ 05 7 0  Wfi ! TE ! I O UTP R , I I OO J I , C S EV < l , J l , J =2 , 4 l  
C O S IJ051JC I I 00 FORMAT ( I  X ,  I I , 1 2 X ,  3F8 ,Q l 
COS tl0590 /0 CONT I N U E  
COS I:l0600 TOT I = TOT I  + S E V C  I , l  l 
COStJ06 1 0 TOT2=TOT2+ SEV C I ,  2 l 
Cil5tJ0620 TOT3=TOT3+ S E V <  ! , 3 )  
COS o 0630 TOT4=TOT4+ S E V C I , 4 l  
COS i:l0640 HO CONT I NU E  
COSI:l0650 Wli i T E C I OUTP R , I I i O l  TOT I , TOT2 , ToTJ , fOT4 
Co:3 tJ0()60 I 1 1 0 F O R MA T ! � TOTAL S-' , 1 2X , 3 F8 , Q l  
COStl0670 C I NP UT N E X T  S E T  oF NALT C A h DS , O N E  Fofl EACH ALTERNAT I V E  
COSb06tlO NJ=J +NCAIJ 
COS tl OCJ90 DO 1 1 0 f = I , N ALT 
C:JSI:l0 / 00 R E A U C  I N'1 , 1 1 20 J  N03 , C C S EF < I , J J ,  J = I , NJ J  
COS I::!01 1 0  I 1 20 F O R M A T <  ! 4 , F8 . 0 , F 2 , Q , Fo . 0 , 8F 5 . 2 J  
CoS IJ07 2 0  I F <  NoJ-NO I l 90 , I 00 , 90 
COS b07 3 0  9 0  i'lfi ! TE C I oUTP R ,  I 0 8 0  l N O  I , No3 
COSii0 7 40 K l  K = I 
COS I:l0/50 GO TO 1 \10 
COSH0/60 I 00 C O N T I  N U l' 
COSB0170 1 1 0 CONTI N U E  
COStl0/80 C OUTPUT o F  ALTERNAT I VE I Nf'O R MAT I O N .  
CoS H O  7 90 �fi I T E  C I OUTP R ,  I I 30 ) ( 1 , I =  I , NCAU l 
CoS bOtlOO I I JU FoR M A T ! / '  ALTEfWA.C I VE C O S T  L I F E MA I N  C oS T  E F F ECT o N  • • •  ' ,  

















COS 6 l OOO 
COSB J O I O  
COS B I 020 
COSB I 050 
CoSB I 060 
COSB I 070 
COSB I l l  0 
CoSB 1 1 20 
COS B 1 1 70 
COS B I I B O 
CoS B. I I 90 
COSB 1 200 
CoSB I 2 1 0  
COSB 1 230 
CoS B I 240 
COS B I 250 
COS B I 26 0  
CoSB 1 270 
CoSB I 280 
CoSB 1 290 
CoS B I 300 
CClS B I 3 1 0  
COSB 1 320 
CoS B I 380 
COS B I 390 
CClS B 1 400 
CoSB I 4 1 0  
COSB I 420 
CoS B J430 
CoS B 1 440 
COS B I 450 
CoS B 1 460 
COS B I 470 
COS B I 480 
CoS B l 490 
COSB 1 5 00 
CoSB I 5 l O  
COS8 1520 
COS B 1 53 0  
COS B I 540 
NUMBER COUNT CHEC K oF S E VE R I T I E S .  
DO 1 20 I =  I ,  NALT 
WR I TE <  I O U TP R ,  l l 40 l  I , .< CS E F< I , J J  , J= I , NJ l  
1 1 40 FoRMAT< 1 7 , F 1 3 . 0 , F 8 , 0 , F9 . 0 , 1 9X , BF 6 . 2 l  
1 20 CONT I NUE ' 
COMPUTA T I O N  o F  B !  I l ,  THE ITH ALTERNAT I V E  BENE F I T. 
Do 1 40 I = I , NALT 
B < I l = o. 
Do I 30 J= I , NCAU 
JEFT = J +3 
B < l l  = !H I >  ... < CFAT-*S E V < J , 2 J ,.C I NJ*SEV < J , 3 J +CPD<l*SEY < J , 4 l l * 
,. CSEF < l  , J EFT > 
1 30 CONT I NUE 
1 40 CONT I NU E  
CALCULA T I O N  O F  BENEF I T/COSTS AND OUTPUT. 
!X> 1 50 I = I , NALT 
. B <  I l = I H  I l-*CS E F !  ! , 2 l/T I ME 
BNCS = B <  I J /CSEF< I ,  I l 
1 50 CONT I NUE 
WR I TE <  I O U TP R ,  1 1 70 >  
1 1 70 FoRMAT< Ill"' BENEFI T/.COST ANALYS I S ,  M A I NTENANCE I NCLUDE D"' / )  
W R I TE <  I O U TP R , I 2 1 0 l  
DO 1 60 I = I , NALT 
X.MA I N=CSEF< I ,  2 l *C SEE< I ,  3 l 
BENM=B < I l -M A I NT 
BNCM=BENM/C S E F.< I ,  l l 
W R I T E !  ! O U TP R ,  I 220 l 1 ,  XMA I N  , CS E F1 1 , l l ,  B E N M ,  BNCM 
160 CoNT I NUE 
W R I TE <  I O U TP R , I 2 00 l 
I 200 FoRMAT< I I I' B E N E F I T/COST ANALY S I S ,  MA 1 NTENANCE I NCLUDED ***P RE 
+SENT WORTH METHOD***"' I l 
W R I TE !  I O U TP R ,  1 2 1 0  l 
1 2 1 0  FORMAT< ' ALTERNAT I V E  MA I NTENANCE COST B E N E F I T  
+ B E N EF I T/COST' l 
DGJ I 70 I= I , NAL T 
L I F E  = CSEF ! I , 2 >  
X =  < I . +RATE ! N l **L I FE 
PWF = < X - I . l / C R ATE I N*X l 
Y = < I . +RATEGR J / (  I . +RATE ! N l  
P W E XGR = < Y ** C L I FE + I  J - l . l / ! Y- 1 . > - I 
PWC C NUMBE R ,  l l  = 0 
P � B ! NUMBE R ,  l l  = 0 
PWMA I N  = PWF*CSEF.! I , 3 l  
PWC ! NUMBER , I ,. I  l = CSEF!J , I  l 
PVI B ! NUMBER , I + I  l = P W E XGR*B < I J /L I F E  - Pt'!MA I N  
PWBC = P W B ! NUMBER , I • I l/PWC ! NUMBER , I + I l  
WR I TE <  I OUTPR, 1 220 > l , PWMA I N , PWC < N U M B E R , I + I  l , P WIH NUMBE R , I + I  l , P WBC 
1 220 FORMAT( I 7  , F 23 . 2 , F  1 4 , 2 , F  I I  . 2 ,  5X , F I I .  2 >  
1 70 CONT I NUE 
NUMBER = NUMBER + 
GO TO 1 0  
1 80 CONT I NUE 
NUMBER = NUMBER - I 
I F ! NUMBER . EO . NSTG J GO To 1 90 
W R I TE <  IOUTP R , I 23 0 l  
1 230 F<>RMAT! ' I "' , 40 ! ' * ' l , "'  WAR N I NG ' , 4 0 < �*' l // l  
WR I TE <  !OUTP R , I 240 l NUMBE R , NSTG 
1 240 FORMAT ! "  ' , " NUMBER OF LOCAT IONS READ = -' ,  1 3 1• -' , ' NUMBER oF LOCAT I O  
+NS E X PECTED = ' , 1 3 >  
1 90 CONT I NU E  
RETURN 
END 
8 1  
DY NAOO I O  
DYNA0020 
DY N A OOJ O C 
DYNA0040 C 
DYNA 0050 C 




DYNAO I OO 
DYNAO I I O 
DYNA O I 20 
DY NAO I JO 
DYNA0 1 4 0 
DY N A O I 50 
DYNAO i o O  
DYNA0 1 7 0 
DY NAO I 80 
DYNA0 1 90 
DYNA0200 









DYNAOJ I 0 
D Y NA0320 
DY NAOJJO 
DY N A0340 
DYNA0350 
DYNA0360 










DYNA04 7 0  
DYNA0480 
OYN A 0490 C 
OYNA05 00 C 
DYNA05 1 0  C 
DY N A 0520 
DYNA0530 







SU B R O U T I N E  DY ;�A M C C , B , L oC , XLoC , NDE , NSTG , X I NC , K I , K2 , N l N P , NLOC , 
+ O R ET , NOD , ! OUTP R > 
TH I S  SUI:li.WU TI NE U S E S  "DYNAM I C  P ROGR A M M I NG" To F I ND THE OP T I MA L  
S OLUT I ON S E T  ALTE RNAT t VES C ON E  AT EACH LOCATI O N > G I VE N  COSTS , 
l:l E NE F I TS AND A «ANGE oF l:lU DGETS . THE ALGOR I TH U M  I S  c A S E D  ON WORK B Y  
R !CHARLJ l:l E LL M A N  < DY NA \\ I C  PROG R A MM I NG ,  1 9 57 ) 
D I M E NS I ON O R E T <  NLOC, N I NP >  , NOD C NLoC , N ! NP J  , NOE C NLOC J , 
+ C ( NLOC , I I > , l:l  ( NLOC , I I > , f H  I I ) , X LOC ( NLOC , 5 J , L OC ( NU>C J 
THESE LJ I ME NS I ONS MUST l:l E  AT L E AST AS B I G  AS THE N U M B E R  OF LoCAT I O N S  
D I M E NS ! ON CC C 200 > , B l:l <  200) , A A  ( 200 > , l:lC C 2 00 ) , LL C 200 ) ,  K K K  ( 2 00 >  
I S T=O 
VRET= O . O 
W R I TE <  ! O U TP R ,  1 1 30 >  
W R I TE <  ! OUTP R , I 000 > 
1 000 FO RMAT < '  � , 40 ( ' * ' l , ' PA RA M E T E R  VALUES" , 40 C �*"·) //// J 
Wfl ! T E C  ! O U TP R , I O I O >  
I 0 1 0  FOfl M A T U  " , 27X , 1 8 C I- '  > , ' O U TPUT' , 1 8 (  ,_, ) )  
WR I T E <  I oUTP R , I 020 > . NS TG , X I NC , K I , K2 
1 020 FoRMA T C 5X , ' LOCA T ! O N S --- I NCRE M ENT--L< H 1 E R  L I M I T--- I NC R E M E NTS P E R  S T  
+ E P' , / ,  3X , I 0 ,  J X ,  F 1 2 . 2 ,  I o ,  I OX , ! 9  , // , ' ----LOCATI ON --ALT E R N  AT l VES'.)  
DO 1 0  I = I , N STG 
W R I TE <  I O U TP R ,  1 030 ) LOC( I J , NDE < I >  
1 030 FORMA T U X  , ! 5 ,  I I O J  
1 0  CONT I NU E  
W R I TE <  I O U TP R ,  I 040 > 
I 040 FOR MAT< ' I ' , 3 0 (  ' * ' ) ,  ' LOCA T l  ONS , ALTERN AT I Y E S , COSTS AND l:lENEF I TS" , 
... 30 ( , *" ) //// ) 
!'; fi ! TE !  ! O U TP R , I 050 > 
1 050 FORMAT < I H  , ' --LOCA T I O N ---LOC AT I ON N A M E"' ,.28 L ' - ' l , ' ALT-NU M -------C 
. +OST----- RETURN -----I:l/C R AT I O' J 
F I NO THE OPTI MAL ALTE R N AT I VE AT THE 1 -TH LOCAT I ON W I TH J I NC R E M E N TS 
A V A I L A BLE 
DO I 40 I =  I , NSTG 
NDEC= NDE < I > ,. 1  
R C  I J = O. 
DO 20 I C = 2 , NDEC 
20 fl ( I C J = l:l ( I , I C J 
DO 30 I C= 2 ,  NDEC 
ICM I = I C - 1  
8CRAT : R1 ! C l /C C I , ! C >  
IF<  ! C . E0 . 2 J  AA ( l l =BC RAT 
Wli I TE !  ! OUTP R ,  I 060J LoC C I J ,  ( X LOCC! , J )  , J =  I ,  I O l , I CM I  , C <  1� I C J  , R !  I C l ,  
+ f:iC RAT 
1 06 0  FORMAT< I 9 , 5 X , I OA 4 , J.6 ; 3 X , F  1 1 . 0 , 1'  1 1 . 0 ,4X , F I  0 . 2 , F 1 5 . 0 , F 1 5 . 0 J  
30 CONT I NU E  
1 07 0  FoRMAT C 8F I O . O J  
Do 1 30 J = I , N I NP 
I NC R E MENT BUDGET 
X ! N= CJ - 1 > *X I N C  
DUM=- 1 000000000000, 
NDEC= NDE C I ) + I  
DETE R M I NE THE BEST ALTERNAT I VE -NODL! , J l --AT I -TH LOCA T I O N  G I V E N  
J - 1  I NC R F ME NTS TO S PE ND O N  LOC A T I ON I THRU LoCA T IO N  I ----Y I E LD I NG 
A RETURN oF-oRET C  I , J  J -
Do 1 20 K =  I , NDEC 
CALL X O U T C  l , ! S T , X I N , K , K I C K , X ! NC , C , NLOC J 
I F ! K I C K J 5 0 , � 0 . 4 0  
40 GO TO I 20 
50 CONT I NU E  
I F <  l - 1  ) 60 , 6 0 ,  70 
60 TEST=R C K >  
GO TO 80 
DYNA0600 




























DYNA0 9 1 0  
DYNA099Q 
DY N A I OOO 
DYNA I O I O  
c 
c 
70 TEST=fl C K J +O RE T <  I - 1 , ! S T l  
G O  TO 80 
80 ! f' C  C UU M-TEST l l 90 , I OO , I OO  
90 DUM=TEST 
OflET< I ,  J J =DUM 
N O D C I , J l = K  
I 00 GO TO I I 0 
I I 0 CoNT I N UE 
I 20 CONT I NU E  
1 3 0 CONT I NUE 
1 40 CONT I N UE 
CALL DATOilDC A A ,  LL , NSTG J 
W R I TE C  ! O U TP il , I 04'9 l 
I 04 9 FORMAT ( "' I " ,  25 U * '  l ,  ' LOCAT I ONS , ALTERNAT I V ES ,COSTS , AND B E N EF I TS-" , 
+ ' ORDERED BY tl E N E F I T/COST RAT ! W , 
.. 25 ( ' *' ) // ) 
Wll i TE C IOU TP R , I 05 1  l 
1 05 1  FoRMAT C I H  , '-LOCAT I O N ---LoCAT I ON NAME' , 28.( ' -' l , 'ALT- N U M - -----c 
+OST ---- RETU R N -----8/C RAT ! o -----ACCUM COST--ACC U M  RETURN ' >  
TOTRTN=O 
TOTCST=O 
DO I 49 I I =  I , NSTG 
I = LL C I I >  
I C = 2  
I CM I = I C- 1 
R <  ! C l = B <  ! , ! C l  
TOTRTN=TOTRTN+R c I C  > 
ToTCS T=TOTCST+C C I ,  IC l 
Wfl ! T E C  ! OUTP R ,  I 060) LOC C I l ,  C X LOC C! , J  l , J =  I ,  I O J , I CM I , C C  !. ,  I C.l , R C  I C J , 
+ AA C I I  l , TOTCST, TOTRTN 
1 4 9 CoNT I NUE 
1 06 1  FORMAT < '  l ' l  
W R I TE !  I OU TP il , 1 06 1  l 
! PAGE = 0 
Wll ITE MA I N  BUDGET OUTPUT HEAD I N G  
W R I TE C  ! O U TP R ,  I 080 > 
1 080 FoRMAT C ' I ' , 90 U ' * ' l/' "' , 3 7 C '* ' l , " BUDGET OUTPUT "' , 3 7 < ' *' 1 /' " •  
+ 9 0 C '*" J ///// ) 
DO 1 60 M= K I , N I NP , K2 
J=M 
. 
X I N=.C J - 1  l *X I NC 
BUDG=X I N 
! PAGE = ! PAGE + I 
! F C 1 PAGE . N E . I l W R I T E !  !OUTPR , I I J O J  
W R I TE ! ND I V  ! OUAL tlUDGET OUTPUT HEAD I NG 
Wfi I T E C  ! OUTP R ,  1 2 90 l BUDG 
1 290 FOR MAT C ' O' , I 5X , " BUDGET = " , F 1 2 . 0 , / J  
W R I TE <  IOUTP R , I 090 l 
1 090 FORMAT C '  ' •  1 5 X , ' I:lUDG E T  LOCA T I ON =' , 4X , 'LOCAT ! O N  NAME 
+ ' , 4X , -'ALT-NUM" , 5X , " COST' , 6 X ,  ' RETU R N '  , 4 X  , ' ACCUM RETU R N ' .) 
1 1 00 FORMATC ' O '  , 6X , F I 5 . 2 l  
TOTCST = 0 
TOTRTN " 0 
Do I 50 L= I , NSTG 
I =NSTU+ I -L . 
K=NODC I , J  l 
KKK C I J = K  
CC C ! l =Cl l , K l  
BB C l l = B < I , K l  
CALL XOUTC l , I ST , X l N , K , K l CK , X l NC , C , NLOC l 
J= I ST 
X ! N = X I N-C C I , K l  
83 
OY N A I 020 
DYNA0950 C 
O Y N A 0980 
OY N A I 030 C 
OY N A I 050 
DY NA I 060 
DYNA I 070 
DYNA I OBO 
DYNA I 090 
D Y N A  I I  00 
DYNA I I I  0 
X OU TOO I O  
XOU T0020 C 
X OUT0030 C 
XOUT0040 C 




X oU T0090 
X OUTO I OO 
x o u To 1 1  o 
XOUTO I 20 
XllUTO I JO 
X OUT0 1 40 
. 84 
1 50 CONT I NU E  
Dll I 55 I =  I , NSTG 
K = K K K <  I J 
KK=K- 1 
TOTRTN = TOTRTN + H H <  I I 
TOTCST = TllTCST + CCC I I 
9C c I J =0 
! F C CC <  I J . GT • •  0 1  I HC C ! J = B B <  I 1 /CC C I l 
AA C I 1 = 8C C  I J 
� fi ! TE I -TH LOCA T I ON I NFORMAT I ON--TOTAL BUDGET oF M I NC R E M E NTS 
W fl I TE < I OU TP R, I I I 0 I L OC C I J , C X LoG C I , JJ J , JJ= I , I 0 J , KK , CC C I I , B I: H  ! l , 
f, TOTRTN 
1 1 1 0  FoRMAT< ' " •  4X , I 4 , 9 X , I OA 4 , 5X , J 4 , 2F I 2 . 0 , 4 X , F I 2 . 0 J 
I 'i5 CONT I NiJE 
� R I TE TOTALS 
ViR ! T E <  I oU TP R ,  1 1 20 >  TllTCST, TOTRT N , TOTRTN 
1 1 20 FORMAT< ' 0 '  , 2 9 ( ' *' J , ' TOTALS � , 29 C ' *" J ,  2F 1 2 . 0 , 4X , F  1 2 . 0 1  
Wfi i T E C I OUTP R ,  1 1 4 0 1  
1 1 40 FCHlMAT< ' I '  , ' L I ST I NG OF S ELECTE D PROJ ECTS BY B/C RAT I O' J 
Wfi ! TE C I OUTP R ,  1 09 1  J 
1 09 1  FORMAT < '  ' •  1 5 X , " BUOGET LOC A T I ON =' , 4X , " LOCAT ! O N  N A M E  
+ ' , 4 X , " A LT-NUM" , 5 X , " COST' , 6X , " RETU R N" , 4 X , ' ACCUM RETURN' , 
& 9X , ' 81C' , 2X , ' ACCU M  8/C' J 
� R ! TE ( ! OUTP R ,  I I  OO J i:lUDG 
CALL UATORO ! A A , LL , NSTG J 
ToTRTN=O 
TOTCST=O 
DO I 90 I I =  I , NSTG 
I =LL C I I  I 
K= K K K C  l J 
K K= K - 1  
I F <  8 8  < l J • LT . I • 0 J GO TO I 95 
ToTRTN=TOTRTN+i:lB < I  I 
TOTCS f= TOTCST+CC C 1 I 
A CC BC= TOTRTN/TOTCST 
I'IR I T E C  I OUTP R , . I I I I l LoG <  l J ,  C X LO C C  I , JJ.l , JJ= 1 . ,  I O l , KK , CC C  LJ , 88 <  I J ,  
& TOTRTN , BC C  I J , A CC8C 
I I  I I FoRMATC" ' ,  4X , ! 4 , 9X ,  I OA 4 ,5X , 14 , 2F I 2 . 0 , 4 X , F  1 2 . 0 , 2X ,  F I 0 . 2 , F I  O .  2 J  
1 90 CONT I N U E  
1 95 CONT I NUE 
W R I TE !  ! CJ U TP R , I 1 2 1  J TOTCST, TOTRTN , TOTRTN , A CCBC 
I I 2 1  FollMAT < ' O" , 2 9 (  ' *" J , '  TOTALS " , 29 !  !*" ) , 2F 1 2 . 0 , 4 X  , F  1 2 . 0 , 1 2X , F  I 0 . 2 )  
1 60 CONT I NU E  
1 70 W R I T E C  I OUTP R ,  1 1 3 0 J  
I I 30 FOR MAT < '  I "  l 
I a o  CONT I NUE 
RETU RN 
E N D  
SUBROUT I N E  XoUTC ! , ! ST , X J N , K , K I C K , X I NC , C , NLDC J 
TH I S  S UtJRDU T I  N E  CALCULATES THE O U TP U T  STATE N U M B E R  
ll E S Ul.T I NG FROM T H E  I N P U T  X I N  A N D  SAFETY MEAS U R E  K .  I T  
ALSO DETE R M I N ES THE COST Or A P A R T I C UL A R  SAf' ETY M EA S U R E  
C O RR E S POND l N G  TO STAGE l .  
D I M E N S i o N C C NLOC , I I  J 
OUT= ( I N-C < I , K J 
I F  UJUTJ I 0 ,  20 , 20 
1 0  K I C K= I 
! S T  = I 
GO To 30 
20 K ! CK = U  
X O U T0 l 50 
X OUTO I 60 
X OUTO I 1 0  
. I ST= WUT/ X l NC l  + 1 . 5 
30 RETURN 
END 
S U B ROUT I N E  DATOflD < D , L , M l  
D I MENS ION D < M l , L CM l  
DO 1 0  l = I , M 
I O L < I l = l  
DO 20 ! = I , M  
I F <  I . E Q . M l  GO TO 20 
K = L < I l  
S = D <  I l 
J I = I 
Do 30 J= I ,  M 
I F < S . GE . D < J l l  GO To 3 0  
s = 0 ( J )  
K = L < J  l 
J l  = J 
3 0  CONT I NU E  
D< J i l = D < I l  
D < I l  = S 
L < J i l = L < l l  
L < l l  = K 
20 CONT I NUE 
RETURN 
END 
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